SECTION III
RESULTS AND DISCUSSION

A, FINFISH COMMUNITY

The finfish community in the C.P. Crane plant vicinity was sampled
by trawling and beach seining during summer 1979 (July-August), winter 1979~
80 (January), and spring 1980 (April-May), the periods of maximum and minimum
water temperatures and spring spawning in the study area. Because of plant

cycling operations, all samples were collected during the day or early evening.

The following subsections present seasonal catch data for all gear
types, results of zooplankton sampling, and analysis of parasites on key
species collected during seasonal surveys. Results of movement/spawning
studies and age and growth analyses appear in subsections III.C and III.D;
documentation of thermal regime/in situ measurements is in subsection III.E.
Ecosystem effects are discussed in Section IV, Daily catch records, length
frequency distribution/length weight and condition factor (K) analyses and

daily thermal regime/in situ measurement data are in appendixes A and B,

1. Catch Composition and Spatial Distribution

a, Summer 1979

A total of 12,239 fish representing 26 species were collected during
the summer sampling period using the two sampling techniques (tables 3-1 and
3-2). Trawling captured fewer species (23 seine, 17 trawl) but greater numbers
of fish than did seining (9,750 trawl, 2,489 seine). Spot (74,7 percent),
white perch (15,3 percent), and bay anchovy (4.7 percent) comprised approx-
imately 95 percent of the total summer trawl catch. The seine catch was more
evenly distributed among species, with tidewater silverside (26.2 percent), bay
anchovy (17,6 percent), Atlantic menhaden (8.7 percent), white perch (8,1 per-

cent), and spottail shiner (7.9 percent) accounting for 69 percent of the total

seine catch,
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Collected by Trawl in the C.P, Crane Study Area, Summer Season 1979

Species

American eel
Atlantic menhaden
Bay anchovy

Black bullhead
Bluegill

Brown bullhead
Channel catfisn
Hogchoker
Largemouth bass
Pumpkinseed

Spot

Spottail shiner
Striped bass
Tessellated darter

Tidewater silverside

White perch
Yellow perch

Total mean CPUE
Total numbers

Total number of species

Table 3-1
Mean Catch per Unit Effort (CPUE) and Total Catch of Fish

Low Tide High Tide Site Sumary
Total Total X Total
CPUE  Mumbers % CPUE  Numbers % CPUE  Numbers 23
0.9 37 0.7 0.6 Z5 0.6 0.7 62 0.
<0.1 1 <(.1 0.1 3 0.1 <. 1 4 <0.
6.6 277 5.1 4.3 160 4.2 5.4 457 4.
<Q.1 1 <0.1 <0.1 1 <.
<0.1 2 <0.1 <0.1 2 <0,
0.4 17 0.3 0.4 18 0.4 0.4 35 0.
0.6 27 0.5 0.7 28 0.7 0.7 55 0.
1.6 69 1.2 1.8 74 1.8 1.7 143 1
<0.1 1 <G.1 <0.1 1 <0
<0.1 2 <Q.1 <0.1 1 <0.1 0.1 3 <0
99.7 4189 77.1  73.8 - 309% 71.3 86.8 7288 74
0.3 12 0.2 0.1 6 0.1 0.2 18 0
0.1 1 <0.1 <0.1 1 <C.1  <0.1 2 <0
1.9 80 i.5 2.2 93 2.1 2.1 173 1
0.1 4 0.3 0.2 8 0.2 0.1 12 0
16.9 709 13.1  18.5 778 18.0 17.7 1487 15
0.1 4 0.1 0.1 3 0.1 0.1 7 0
129.3 102.8 116.1
5431 3319 9750
16 15 17
Table 3-2

Mean Catch per Unit Effort (CPUE) and Total Catch of Fish Collected by
Beach Seine in the C.P. Crane Study Area, Summer Season 1979

—_L = O A N = = O B — Th

Low Tide High Tide Site Summary
Total Total X Total

Species CPUE  Numbers % CPUE  Numbers < CPUE  Numbers z
Alewife <G.1 2 <Q.1 <0.1 ? <0,1
Amevrican eel 0.3 14 1.3 0.3 12 0.9 0.3 25 1.0
Atlantic menhaden 2.3 96 8.6 2.9 121 3.9 2.6 217 8.7
Atlantic needlefish <0.1 1 <0.1 g1 6 0.3 0.1 7 0.3
Atlantic silversigde <0.1 ] <Q.1 <0.1 1 <0.1
Banded killifish 3 130 11.5 7.4 57 4.3 2.2 187 7.9
Bay anchovy 3.3 137 12.3 7.1 300 21.9 5.2 437 17.¢
Blueback herring Q.1 4 0.4 0.1 3 0.3 0.1 7 0.3
Bluegili 0.5 19 1.9 0.5 23 1.5 0.3 42 i.7
Carp b <3, 1 1 <0.1 <0.1 1 <G
Channel catfish 0.1 4 0.4 <0.1 1 <0.1 0.1 5 0.¢
Largemouth bass 0.4 16 1.5 0.3 12 0.9 0.3 28 I
Mummichog 0.3 I 1.1 0.2 10 0.6 6.2 21 0.2
Pumpk inseed 2.3 ] 3.6 1.3 75 5.5 2.1 173 7.0
Rough silverside 0.7 31 2.6 3.1 131 9.6 1.9 162 6.5
Spot 0.9 39 3.3 c.4 B - 1.2 0.6 54 2.2
Spottail shiner 2.0 a2 7.4 2.7 115 5.3 2.3 187 7.9
Striped bass 0.1 4 0.4 0.1 4 0.3 0.1 3 0.3
Tessellated darter 3.3 13 1.9 0.2 & 0.6 0.3 27 1.1
Tidewater silverside 7.5 36 27.9 8.0 3356 24.7 7.7 651 76.2
Yhite crappis 0.1 1 =70 <0,] 1 <0.}
White perch 2.0 26 7.4 2.8 115 2.6 2.4 202 8.1
Yellow perch 0.5 21 1.¢ 0.3 12 0.9 0.4 33 1.3
Tota! mean CPUE 26.9 32.4 8.6
Total numbers 1130 135% 2489
Total number of species 20 22 23

T1I-2 science services division




Trawl

Trawling was effective in capturing demersal species in the rela-
tively shallow study area, as evidenced by the catch composition (7,288 spot
for 74,6 percent and 1,487 white perch for 15.3 percent) for this gear.
Species taken in low numbers (<0.l percent of total mean catch) included

Atlantic menhaden, black bullhead, bluegill, largemouth bass, pumpkinseed,

and striped bass,

Catch comparisons between tide stages revealed somewhat higher

catches on low tide (5,431 individuals, 16 species) than on high tide (4,319
individuals, 15 species) (Table 3-1)., The difference in total catch was due

to the greater numbers of spot captured on low tide. Catches at the always-
heated Saltpeter Creek discharge station were greater during high tide on five
of seven sampling excursions, whereas numbers collected at the sometimes heated
(heated on low tide) station at Saltpeter Creek mouth were greater on six of
seven occasions on low tide. Overall catch per unit effort for the never-
affected station off Battery Point, Gunpowder River was greater on low tide

than high tide (Table 3-3 and appendix tables A-1 throush A-3).

Catches at the always-heated station (Saltpetsr Creek discharge) rose
from 27 July to peak values on 2 Avgust due primarily to increased catches of
white perch (appendix Table A-1), Catches then declined on 6 August but re-
mained stable through the remainder of the sampling period, Highest CPUE
values observed at Saltpeter Creek mouth (sometimes affected) and Battery Point
{never affected) occurred om 27 July, 16 August and 2 August, 13 August re-
spectively (appendix tables A-1 through A-3).

The August 6 trawl catch at Buoy "R6" off Wier Point was primarily

spot {224 individuals, 78.6 percent), American eel (32 specimens, 11.2 per-
cent), and hogchoker (20 specimens, 7 percent). . Species contributing 1 percent
or less each to total catch were bay anchovy, channel catfish, striped bass,
white catfish, and white perch, Slightly more fish were collected on high tide
(148 individuals) than on low tide (137 individuals) (Table 3-4).
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Table 3-4

Catch per Unit Effort for Fishes Collected by Trawl at Buoy "R6" off Wier Point,
Gunpowder River, in the Vicinity of C.P. Crane Generating Statiom, 1979-1980

Relative
' Total  Abundance
| Season Species Low Tide High Tide Catch (%)
| Summer  American eel 27 5 32 11.2
; Bay anchovy 3 3 1.0
| Chanmnel catfish 1 1 0.4
| Hogchoker 9 11 20 7.0
‘ Spot 93 131 224 78.6
| Striped bass 1 1 0.4
‘ White catfish 1 1 0.4
| White perch 3 3 1.0
| Total No. Individuals 137 148 285
i Total No. Species 7 4 8
\ Winter Spottail shiner 1 1 100.0
| Total No. Individuals 1
| Total No. Species 1
| Spring  Americal eel 17 8 25 21.6
1 Channel catfish 1 1 0.9
| Hogchoker 1 1 1.7
White perch 11 74 85 73.3
Yellow perch 2 1 3 2.6
Total No. Individuals 31 85 116
Total No. Species 4 4 5

|

|

|

|

!

\

|

Overall, the greatest number of species was collected in the

; Saltpeter Creek thermal discharge zone (always-affected), while the lowest

: number was recorded at Battery Point (never-affected), However, catches in the

dlways—affected zone contained the lowest densities of the three areas sampled

; during the summer period. Catches in the always—affected area (Saltpeter Creek

| thermal discharge) were dominated by white perch (54.9 percent) and spot (38.5

‘ percent). However, at Saltpeter Creek mouth (sometimes-affected and Battery
Point (never-affected), white perch catches declined to less than 3 percent of
the total CPUE; spot contribution rose to 91 percent and 83.2 percent respec-—

tively at these two stations, These data were subjected to statistical anal-

|
|
!
‘ yses to determine the significance of these apparent area differences.
\
\
\
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Trawl catches were only sufficient to analyze catch-effort data for
total densities, white perch, spot, and channel catfish. Densities (CPUE) were
transformed by loge (density + 1) to stabilize the variances for the analysis
of variance (AOV). Results of these analyses of variance are summarized in
Table 3-5. The only tests that showed significance at the a= 0,05 level were

the area tests for white perch and spot,

Table 3-5

Analysis of Variance Results for Trawl Catch Effort, Summer Season 1979

White Perch Spot Channel Cat Total Fish

Sum of Sum of Sum of Sum of
Source of Variation| Degrees of Freedom | Squares Pr > F{| Squares Pr > F | Squares Pr > F | Squares Pr > F
Day & 21.88 z.84 1.7 4.80
Area 2 -_—I 109.70  0.001 24.44 0.006 2.10 0.104 1.44 0.506
Day x area 12 17.22 18.16 4.58 12.00
Tide 1 :l 0.19  0.752. 0.20 0.525 0.08 0.572 0.31 0.409
Day x tide - & 10.62 2.63 1.35 2.34
Area x tide 2 -_—I 1.60 ©.138 1.9 0.224 0.02 0.979 2.22 0.116
Day x area x tide 12 4.1 6.74 4.88 5.14
Residual 42 21.99 7.66 5.95 6.71
Corrected total 83 136.42 64.58 20.70 34.96

Area means are examined by Duncan's‘multiple range test at the
a= 0,05 level; results appear in Table 3-6, White perch densities did not
differ statistically at the never-affected (Battery Point) and sometimes—
affected (Saltpeter Creek mouth) areas; however, white perch catches were
significantly larger (a = 0.05) at the always—affected area (Saltpeter Creek
thermal discharge) than at the other two areas. Conversely, spot densities
did not differ significantly (& = 0,05} at the never- and sometimes-affected
areas but were significantly smaller (a= 0,05) at the always—affected areas

than at the other two locations.

A consequence of this reversal of always— and never—affected area
means with the sometimes-affected areca mean for white perch and spot was that
these area differences became "averaged out" for total catch densities, Thus,

no significant area differences were observed for total catch.
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j Table 3-6

Duncan's Multiple Range Test at & = 0,05 for White Perch and
Spot Area CPUE Means, Summer Season 1979

Species Grouping*  Mean N Area

— [P R

1

|

i

|

|

i White perch A 3.40 28 Always affected
i B 1.17 28 Never affected

‘ B 0.83 28 Sometimes affected
|

| Spot A 4.50 28 Never affected

‘ A 4.47 28 Sometimes affected
| B 3.3 28 Always affected

*
Means with the same letter are not significantly different.

Although statistical analyses did not corroborate the initial im-
plication of significantly lower total catches in the immediate viecinity of
the thermal discharge, results of AOVs indicated an apparent thermal exclusion
of spot and an attraction of white perch to the thermal discharge zone during

summer 1979,

Seine

Seines captured primarily shore-zone, schooling species not effec-
tively sampled by trawl, Overall, the shore-zone catch was dominated by common
estuarine dependent species: tidewater silverside, bay anchovy, Atlantic
menhaden', banded killifish, and white perch, Typically low-salinity-tolerant
freshwater species (spottail shiner and pumpkinseed) contributed greater than 5

percent to the total seine catch (Table 3-2},

Slightly larger catches and greater numbers of species (1,359 individ-
uals, 22 species) were taken on high tide than on low tide-(1,130 individuals,
20 species) during the study period., Examination of catches at discharge and

creek mouth stations revealed a pattern identical to that observed for trawl

tively. However, seine catches at Battery Point were slightly higher on high

tide than low tide, a reversal of the pattern seen for trawls (Table 3-7).

I11-7 sclence services division

|
\
\
!
\
\
!
\
i
\
‘ catches, i.e., greater numbers of specimens taken on high and low tide respec—
\
\
\
|
\
\
|
!




c
. 2
2
>
T
‘uOLIeS YDed 1P SIPLY SSOJDQ PAMNS SINJ) ULBW JO URBW BYI SIUISAAMIN (PIULQUOD SIPLT) ydled ueaw ”
*sap17 4BLY pue MO| uD uOLE}S yYIea Je pajoa||ed saldues ajedl|dnp jo sAep 2A1INI3SUOIUCU [ JO 304D ueAw sjuasaadad Ind) :mm__._« .m
Gt { 9l 21 ot 1 gt il 1 sapoadg "oy (930 m
1'0v e L 11 przl v'52 0°0g 0'Ey 6'91 yore) ueay jeiol d
Lo £'0 91 9°0 L't [ A] 9°s L0 t'¢ 90 £t 20 20 e 2L 2’0 Y24ad Mo| |34 M
0oL o'y 678 L'e 60l 2°F 'y 80 59 8'0 g8z [0 £'8 52 g's 8¢ e 2t ya4ad 33 Ly M
€0 500 80 10 atddeas a1 iyM 0
502 e el LS g8z L1l 1°62 §°9 £'51 6°L vP'sE 076 9L 5°6 '8 9L 8°'bl §'2 APLSJBALLS JDITMIPL) ®
S'0 Z20 20 L'e 80 £°0 ic 1o 2'€ ¥'o 6t 0°L €9 L0 2'0 Lo 9'¢ L0 Jajdep pajk||assal
§°0 2’0 S0 20 S0 2’0 £°0 (1] FA 1] (¢l 30 U0 sseq padiags
2'8 £°€ t'e S°E 8¢ 0'e £°S 0"t 2't #'0 £'9 971 €6 82 20l t'Y [ A | Jaulys 1tejjods
22 6°0 50 ¢0 Z'f 9t 91 £0 41 20 9L w0 ¢ 870 PLO§0 £y 60 jodg
2t L°5 £'22 €6 S 1"z 50 10 g8'0 L0 v'o L0 a0 00 9’0 L0 apisantis ubnoy
S0 0 20 1o 50 20 s'Le 2's S b 2’67 6% 97 2'0 &1l 80 £§ 60 paasuLydung
: &0 Lo 80 L'o v'e L0 0'e g0 v'iL 90 9't  9°0 Boy ety
L' 50°¢ 20 ro 't 3°0 [ 4 £°0 5t 670 £l v0 2'L S0 2L zZo sseq ynowsbueq o
§'0 20 Z°0 10 ¢'0 £°0 Ystyrea Auuey) |
o 500 0 10 daey =
6°4 51 "zt 571 S’ ¢t 0 500 zZ'0 L0 [RELELIE: H
L0 E'0 570 20 8'0 £°0 Buisasy yoeqanyg
602 v'e o'tz 00l LKA N £°0 S0°0 20 Lo 0°62 24 £°92 €1l €81 L'E faoyoue feg
L0 50°0 £°0 Lo 9° 1L 2'¢ £°L 6°0 B'fl S'E 0°61 gy v'L 2% L'EE L°% ysLsLity papueg
¢'0 G0°0 b Lo . 9PLSSTALLS DLIUR|IY
1'0 G500 20 L'o 5°0 L' 8’0 L0 0 L'0 £°0 Lo S0 2°0 Yysijaipaou dtjue|ly
£ 8L G Z'6L 0'8 6°L1 69 0L £°0 L 90 UDPRUUSI JpJue |y
[ L0 0"l vo €2 6°0 §°1L £0 2'¢ $°0 v'o Lo £'0 L0 2’0 {0 $'0 L0 198 uedJauy
o 50°0 €0 o 3 LMa |y
% pauiquo) % yBiH % MO % pautquo) % Yybin % MO % pau | quio) % ybLH [ Mo saloadg
SopLl sapLl sapl]
Yrye) ueay andd y3e] uea)y ndd #xU21€] ueay ngd
{iutod £433108) GO UGEIEIS {4INOW 33947 431903 [¥S) H0 UDIIEIS {=554EY351G) EQ uDp1E3S
667 UOSEDS Iowmng ‘UOTIR]S JUTIRISUIY) JUBI) *gd°*D JO AJTUIDTA $Yyjl UL sSUOIIRIg IF
2uTas Yoeag 4q paijve(1o) sIYSTY 103 ,(ANdD) 31033 ITup 2d Y23E) uBS [TIOL
- [-€ °19EL




Seine CPUE at the thermal discharge station fluctuated during the
study period, reaching a peak (%X = 135) on 21 August, while catches at
faltpeter Creek mouth displayed no clear trends. CPUE at Battery Point sta-
tion increased steadily from 4 August to peak values (% = 170) on l4 August

and declined thereafter (appendix tables A-4 through A-6),

Greatest numbers of species and highest overall catches were col-
lected at Battery Point (never-affected); lowest species numbers and total
catches occurred at Saltpeter Creek mouth (Table 3-7)., Tidewater silverside
and bay anchovy were commonly encountered at all three sampling areas. Species
encountered in abundance (>10 percent) at only one or two areas were banded
killifish (discharge and creek mouth), pumpkinseed (creek mouth), and Atlantic

menhaden, rough silverside, and white perch (Battery Point).

As with trawl data, densities (CPUE) were transformed by loge
(density + 1) for the analysis of variance. Results of these analyses are
summarized in tables 3-8 and 3-9, Testing indicated significant differences
(o = 0,05) of area mean densities for white perch, spottail shiner, Atlantic
mennaden, and pumpkinseed, and at @ = 0,06 for bay anchovy, and area—by~tide
interaction for total fish and tidewater silverside, The tide test for white
perch was almost significant (o= 0.07), suggesting that more white perch were

collected by seine on high tide than on low tide.

Table 3-8

Analysis of Variance Results for Beach Seine Catch Effort, Summer Season 1979

White Ferch Spot ‘umpkinseed Total Fish
Sum of Sum of Sum of Sum of
Source of Variatfon Degrees of Freedom Squares Pr > F  Squares Pr > F  Sauarss Pr > £ Saquares Pr > F
Day 6 4.17 4.17 1.97 1.14
Area 2 16.80 0.c04 0.87 0.337 23.34 0.001 5.50 0.154
Day x area 12 " 10.83 4.37 3.91 14.59
Tide 1 0.84 0.473 0.87 0.279 0.54 0.120 0.42  0.368
Day x tide 6 1.07 3.69 .99 2.63
Area x tide 2 1.47 0.215 1.03 9.364 .30 0.693 8.12 0.049
Day x area x tide 12 5.03 5.63 4,69 12.48
Residuail 42 15.08 5.49 12.40 12.91
Corrected total 83 55.29 26,12 53.14 58.19
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Duncan's multiple range test was used to discriminate among the area

means whose F-test results were significant, Results af these tests appear in
tables 3-10 and 3-11, ©No statistically significant differences were found at
the @ = 0,05 level between white perch demsities at Saltpeter Creek mouth
(sometimes-affected) and the immediate thermal discharge area., Mean white
perch catches were significantly larger ( o= 0,05) at Battery Point than at
either of the other two areas; however, the relatively small sample size (due |
to low catches) used in analysis rendered this finding of limited ecological
significance. Catches of pumpkinseed were shown to be significantly larger
(a=0,05) at Saltpeter Creek mouth (sometimes-affected) than at always- and
never-affected areas; no differences were found between the latter two area
weans, Catches of bay anchovy and spottail shiner were significantly larger
(&= 0,05) at the Battery Point station (never-affected) than at the Saltpeter
Creek mouth (sometimes-affected) station. Catches of Atlantic menhaden were
significantly larger (o= 0.05) at Battery Point than at Saltpeter Creek mouth
or in the plant discharge vicinity, No statistically significant differences

were detected for total catch amongz the three test areas.,

Table 3-10

Duncan's Multiple Range Test at ® = 0,05 for White Perch and Pumpkinseed
Area Means and for Total Fish Area-by-Tide Means, Summer Season 1979

Species Grouping | Mean | N Areaz Tide
White perch A 1.42 28 Never affected
B 0.84 28 Always affected
B 0.33 28 Sometimes affected

Pumpkinseed A 1.48 28 Sometimes affected
B 0.43 28 Always affected
B 0.12 28 Never affected

Total fish A 3.43 14 Never affected Low
A 3.42 14 Always affected High
A 3.29 14 Never affected High
A 3.19 14 Sometimes affected Low
A B 2.30 14 Always affected Low

B 2.29 14  Sometimes affected High
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Table 3-11

Duncan's Multiple Range Test at & = 0,05 for Bay Anchovy, Spottail Shiner,
and Atlantic Menhaden Area Means and for Tidewater Silverside
Area-by-Tide Means, Summer Season 1979

Grouping Mean N Area Tide
Ray Anchovy A 1.31 28 Never Affected
A B 0.95 28 Always Affected
B .05 28 Sometimes Affected
Spottail A 1.21 28 Never Affected
Shiner A B 0.80 28 Always Affected
0.33 28 Sometimes Affected
Atlantic
Menhaden A 0.98 28 - Never Affected
0.12 28  Always Affected
0.00 28 Sometimes Affected
Tidewater
Silverside A 2.26 14 Always Affected High
A B 1.88 14 Never Affected Low
A B 1.82 14 - Sometimes Affected Low
A B 1.34 14 . Never Affected High
B 0.92 14 Always Affected Low
B 0.87 14 Sometimes Affected High

Area-by-tide means were examined using Duncan's multiple range test.
Catches of tidewater silverside were significantly larger (a = 0,05) at the
plant discharge station at high tide than at low tide and at Saltpeter Creek
mouth at high tide. Total seine catches at high tide were significantly lower
at Saltpeter Creek mouth that at all other area-by-tide combinations except

for the immediate discharge area at low tide. A partial explanation for
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significantly lower catches in the creek mouth test area may be a loss in gear

and sampling efficiency precipitated by inundation of this heavily vegetated
shoreline (Nichols, et al, 1980) during high tide. Low catches in the jmme-
diate area of the thermal discharge on low tide (the period of potentially
maximum water temperatures in this zone) may indicate thermal exclusion or

|

|

|

|

{ habitat preference by shore-zone species.,
|

3 b. Winter 1979-1980

|

Sampling during the winter season (January 1980) was curtailed from
; the originally scheduled 7 nonconsecutive days to 5 non-consecutive days be-
| cause of ice conditions in the study area. Overall, catches declined sub-
} stantially during winter, when only 369 fish representing 23 species were col-
| lected in the study area by trawl and seine (tables 3-12 and 3-13). Uanlike
! summer, winter trawling captured more species and individuals than did seining
(trawl: 21 species and 313 individuals, seine: nine species and 56 individ-
uals), suggesting abandonment of shallow, colder, shore-zone waters for deeper
and potentially warmer areas, Resident species, spottail shiner (26.2 per-
cent), yellow perch (20.8 percent), pumpkinseed (10.4 percent), and gizzard
shad (8,9 percent), and the seasonal migrant Atlantic croaker (7.6 percent)
made up 73,9 percent of the total winter trawl catch (Table 3-12)., The
remaining 16 species each contributed less than 6 percent to the total ecatch.
Winter seine collections were dominated by resident banded killifish (25
percent), tidewater silverside (25 percent), spottail shiner (16.8 percent),
and gizzard shad (12.1 percent), accounting for 78,9 percent of the winter

seine catch.

Trawl

The trawl catch during winter was almost entirely resident bay
species (95 percent). The marine migrant Atlantic croaker contributed 24
individuals (7.6 percent during January; this species was also taken in low

numbers by Ecological Analysts, Inc, (EA) (1980) during October through
November 1979 in the study area,

ITI-13
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Table 3-12

Mean Catch per Unit Effort (CPUE) and Total Catch of Fish Collected
by Trawl in the C.P. {rane Study Area, Winter Season 1980

Low Tide High Tide Site Summary
Total Total Total
- Species CPUE Numbers .. % CPUE  Numbers % CPUE Numbers %
American eel 0.0 1 - 0.6 0.0 1 0.7 0.0 2 0.6
Atlantic croaker 0.3 9 5.0 0.5 15 10.9 0.4 24 7.6
Bay anchovy 0.0 1 0.7 0.1 3 2.2 0.1 4 1.3
Bluegill 0.0 1 0.6 0.1 2 1.4 0.0 3 0.9
Brown bullhead 0.0 1 0.7 0.0 1 0.3
Carp 0.3 10 5.6 0.2 7 5.1 0.3 17 5.4
Channel catfish 0.1 2 1.1 0.0 H 0.7 0.0 3 0.9
Emerald shiner 0.0 1 0.6 0.0 1 0.3
Gizzard shad 0.5 14 8.0 0.5 14 10.1 0.5 28 8.9
Golden shiner 0.0 1 0.7 0.0 1 0.3
Hogchoker 0.1 2 1.3 0.9 2 0.7
Largemouth bass 0.0 1 0.7 0.0 1 6.3
Pumpkinseed 0.5 14 7.8 0.6 19 13.8 0.5 33 10.4
Rough silverside 0.1 2 1.4 0.0 2 0.6
Silvery minnow 0.0 1 0.6 ‘; 0.0 1 0.3
Spottail shiner 2.1 62 35.2 0.7 20 14.5 1.4 82 26.2
Sunfish (unident.) 0.1 3 1.7 0.0 1 0.7 0.1 4 1.3
Tessellated darter 0.3 8 4.6 0.3 10 7.2 0.3 18 5.8
Tidewater silverside 0.1 3 2.2 0.0 3 0.9
White perch 0.4 12 7.1 0.2 6 4.3 0.3 18 5.9
Yellow perch 1.2 34 19.6 1.0 - 31 22.5 1.1 65 20.8
Total mean CPUE 6.0 4.6 5.3
Total numbers 175 138 213
Total No. of species 16 18 ; 21
Table 3-13

Mean Catch per Unit Effort (CPUE)} and Total Catch of Fish Collected
by Beach Seine in the C.,P. Crane Study Area, Winter Season, 1980

Low Tide High Tide Site Summary
_ Total Total X Total

Species CPUE  Numbers _}i CPUE  Numbers % CPUE Numbers %
Bandeq killifish 0.2 6 28.6 0.3 8 22.9 0.2 14 25.0
Bluegill <0.1 1 2.9 <0.1 1 1.7
Emerald shiner 0.1 2 5.7 <0.1 2 3.4
Gizzard shad 0.1 2 9.5 0.2 5 14.3 0.1 7 12.1
Mummichog 0.1 2 9.5 0.1 2 5.7 0.1 4 7.3
Silvery minnow 0.3 2 5.7 <0.1 2 3.4
Spottail shiner 0.1 3 14.3 0.2 6 171 0.2 9 16.8
Tidewater silverside 0.3 8 38.1 0.2 6 17.1 0.2 14 25.0
Yellow perch 0.1 3 8.6 <0.1 3 5.2
Total mean CPUE 0.8 1.2 .0
Total numbers 21 ‘ 35 56
Total No. of species 5 9 9
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Catch comparisons between tide stages showed slightly higher catches
but fewer species on low tide (175 individuals, 16 species) than on high tide
(138 individuals, 18 species) (Table 3-12), - The difference in total catch
during January 1980 was due to greater numbers of spottail shiner taken on low

tide in the vicinity of the thermal discharge (station 03).

Catches at always-heated Saltpeter Creek discharge station were
greater on low tide than on high tide, due primarily to a single large catch of
spottail shiner on 28 January (appendix Table A-7). Catches at Saltpeter Creek
mouth and Battery Point were approximately the same on both tides (Table 3-14
and appendix Table A-7). Numbers of individuals and numbers of species gen-
erally increased at always thermally affected station 03 (Saltpeter Creek
discharge) over the 5 nonconsecutive days sampled, until ice conditions at
never-affected and sometimes-affected stations 05 and 04 made further sampling
impossible, Catches at stations 04 and 05 were sporadic, and no consistent
trends were discerned (appendix Table A-7), Trawling at Buoy "R6" off Wier

Point during January 1980 produced only a single spottail shiner, ‘taken on low
tide (Table 3-4)0

Trawling for the winter season was suspended for the last two regu-
larly scheduled sampling days due to ice conditions at the sometimes- and
never-affected stationms 04 and 05. Catches were sufficient to support analysis
for the following species/catch categories: 1) yellow perch density, 2) pump-
kinseed dentsity, 3) gizzard shad density, 4) total density, The densities
(CPUE) were transformed by log, (density + 1) for the analysis of variance.

The results of these anslyses of variance are summarized in Table 3-15,

The loss of two sampling days from the finfish model for the winter
season adjusted the a priori power estimate to 0.50 at 2 = (0.05. Examination
of the winter data showed that the six sample coefficients of variation (area-
by-tide) were between 0,28 and 0,98, Accordingly, the power was estimated to
be 0.92 for detecting a differerce equal to 50 percent of the maximum mean.
This increase in power over the original a priori estimate of 0.80 is explained
by the coefficient of variation of the maximum wean (0.286) being much smaller

than 0,.50. The power for detecting a difference equal to 50 percent of the
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minimum mean was estimated to be 0.52., This value agrees with the revised

& priori estimate because the sample coefficient of variation of the smallest

mean (0,974) is at the assumed level of 1.00 for the model.

Table 3-15
Analysis of Variance Results for Winter 1980 Trawl Catch

|
|
|
\
i
i .
‘ -
} Yellow Perch Pumpkinseed Gizzard Shad Total Density
! Degrees Sum of Sum of Sum of p Sum of p F
; Source of Variation of Freedom Squares 'r > ' Sauares 'r > squares Pr>F  Squares r
{ Day 4 1.54 0.66 0.82 6.22
| Area 2 0.90 0.54 2.00 0.18 1.32 0.32 7.1 0.36
} Day x Area 8 5.50 0.13 3.72 0.06 4.03 0.05 26.13 <0.0
| Tide 1 0.02 0.89 0.03 0.66 0.03 0.66 0.51 0.44
| Day x Tide 4 2.83 0.57 0.54 2.77
: Area x Tide 2 0.38 0,53 0.08 0.77 .32 0.42 3.08 0.05
Day x Area x Tide 8 2.23 0.46 1.30 0.57 1.31 0.38 2.63 0.38
Residual 30 8.35 5.75 4.40 3.81
Corrected Total 59 ©21.76 14.12 12.78 - 57.86

The hypothesis of equal area means was not rejected at the o= 0,05
or o= 0.10 level of significance for any species/total catch category tested.

In fact, the lowest p-value in the F test for differences in area means was
only 0,18,

There was a significant difference in the changes in means of the
area-by-tide interaction for total density with a= 0,05. Because the effect

of this interaction was not significant for any of the most abundant species,

the result of significance was considered a cumulative effect of the tendencies
of all species. At low tide in the always~ and never-affected areas, there

| were proportional increases in mean CPUE over those obtained at high tide,

‘ However, in the sometimes-affected area there was a marked decrease (approx-
imately 50 percent) in the mean CPUE at low tide over that obtained at high

tide. This phenomenon can be seen in the area-by-tide interaction plot in

Figure 3-1,
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Figure 3-1. Area-by-Tide Interaction Plot for Total Density of
Fish Collected by Trawl during Winter Sampling 1980

The most significant term in the model was the day-by-area inter-
action, plotted in Figure 3-2 for total fish density, The plot shows that
for days 4 and 5, significant increases in mean CPUE were obtained in the
always-affected area (Saltpeter Creek discharge statiom 03), Mean CPUE for
the other areas by day was significantly smaller than the mean CPUE for days
4 and 5 in the always—affected area. An examination of in-situ water tem—
perature data for this time period revealed that days 4 and 5 were decidedly
colder than the previous sampling days (appendix Table B-2). In other words,
the fish were especially attracted to the thermal effluent of C,P. Crane in

extreme cold weather.

Each of the most abundant species was attracted to the thermal
effluent in extreme cold during the winter season (yellow perch, pumpkinseed,
gizzard shad). This suggests that air temperature and fish densities in the

thermal effluent were negatively correlated.
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Figure 3-2, Day-by-Area Interaction Plot for Total Density
of Fish Collected by Trawl, Winter Season 1980

Seine

Winter seining collected only resident bay species, and catches were

|

|

i dominated by schooling, inshore fishes not effectively sampled by trawl. The

; catch was dominated by estuarine-dependent tidewater silverside, low-salinity-
\ tolerant freshwater species (banded killifish and spottail shiner), and juve-
\ nile gizzard shad (Table 3-16), Gizzard shad was collected throughout the

winter months in the study area in both trawl and seine by EA (1980),

As noted for summer 1979 seine data, somewhat higher catches were
taken on high tide (35 individuals, 9 species) than on low tide (21 individ-
uals, 5 species), Station comparisons, also based on these low catches, re—

\ vealed slightly higher numbers of individuals and species numbers at thermal
discharge station 03 and sometimes thermally affected station 04 and a reversal
of this finding at never thermally affected station 05 (Battery Point) (Table
3-16 and appendix Table A-8), Catches at all three stations were sporadic

‘ during the winter seasom, and no consistent abundance trends were discerned.
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Seining for the winter season was suspended for the last 2 days of
the regularly scheduled sampling period because of ice conditions at the
‘ sometimes— and never-affected stations 04 and 05, Catches were suficient to
support analysis of the following species/catch categories: 1) banded killi-
‘ fish, 2) tidewater silverside, 3) mummichog, 4) total density. Densities
‘ (CPUE) were transformed by Log, (density + 1) for the analysis of variance,

| and the results of these analyses of variance are summarized in Table 3-17.

Table 3-17
Analysis of Variance Results for Winter 1980 Seine Catch

Tidewater '
. Banded Killifish Silverside Murmichog Total Density
S L Degrees Sum of P > F Sum of > F Sum of > F Sum of P wF
ource of Variation of Freedom Squares r Squares r Sguares r Squares r
Oay 4 0.43 1.38 0.27 7.03
Area 2 0.58 <0.01 0.21 0.28 an 0.18 0.92 0.48
Day x Area 8 0.18 0.55 0.2 4,53
Tide 1 0.02 0.52 0.03 0.10 0.00 1.00 0.02 0.65
Day x Tide 4 0.16 0.03 0.08 0.29
Area x Tide 2 1.17 0.08 G.18 0.53 Q.05 0.24 1.59 0.08
Day x Area x Tide 8 1.14 0.14 1.08 0.14 0.1 0.89 1.86 0.23
Residual _30_ 2.49 2.37 G.96 4.91
Corrected Total 59 6.16 5.83 1.79 21.15

]- - - ' '

The hypothesis of equal area means was rejected at the a= 0,05
level of significance for banded killifish only. The hypothesis of equal
tide means was not rejected at the ¢ = 0,05 level of significance for any
category. Duncan's multiple range test was used to discriminate among the
area means for banded killifish, and results are given in Table 3-18. Test
results indicated that the mean catches of banded killifish were significantly
larger in the always-affected area than at either the never- or the sometimes-
affected area, indicating an apparent attraction to the warmer waters in the
vicinity of the thermal discharge. However, the extremely low catches of this
and other species encountered during the winter season render this finding of

little ecological significance.
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Table 3-18
Duncan's Multiple Range Test at a = 0,05 for Banded Killifish
Area CPUE Means, Winter Season 1980

Grouping Mean N Area

A 0.28 20 Always affected
.10 20 Never affected
0.05 20 Sometimes affected

Additionally, a significant area-by-tide interaction term was
observed for banded killifish and total density., The significance of this
effect indicated that differences between area means were not consistent at
high and low tides. The area-by-tide interaction plots are given in figures
3-3 and 3-4 for banded killifish and total density respectively, For banded
killifish, mean catches were significantly less at low tides than at high
tides., However, in the never-affected and sometimes—affected areas, mean
catches were significantly higher at low tides than at high tides. For total
density, mean catches in the never—affected area were significantly highexr at
low tides observed than at high tides. However, the opposite occurred for the
always- and sometimes-affected areas. In these areas, wmean CPUE was signif-
icantly lower at low tides than at high tides, However, the low seine catches

render the statistical conclusions of only slight ecological significance,

0.6~
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e .
=
=
¥
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Figure 3~3. Area-by-Tide Interaction Plot for Mean CPUE of Banded
Killifish Collected by Seine, Winter Season 1980
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Figure 3-4. Area-by-Tide Interaction Plot for Total Density
of Fish Collected by Seine, Winter Season 1980

¢, Spring 1980

Trawl and seine sampling was conducted over 7 nonconsecutive days
during April 1980 and collected a total of 3,575 individuals of 29 species
(tables 3-19 and 3-20), Trawling collected more individuals than did seining

(2,567 trawl, 1,008 seine) but fewer species (22 trawl, 24 seine). White perch

(54,8 percent), yellow perch (14.3 percent) (both spring spawners), American

eel (12.4 percent), pumpkinseed (9.6 percent), and spottail shiner (3.5 per—

i cent) contributed 95 percent of total numbers collected by trawl,

} The remaining 17 species contributed only 5 percent to total catch.
1 Seine catches were dominated by predominantly shore-zone schooling species,
namely tidewater silverside (32 percent), blueback herring (19 percent), white
perch (15.2 percent}, banded killifish (5.4 percent), and Atlantic silverside
(5.2 percent) (Table 3-20),

"
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Table 3-19
Mean Catch per Unit Effort (CPUE) and Total Catch of Fish Collected
by Trawl in the C.P. Crane Study Area, Spring Season 1980
Low Tide High Tide Site Summary
) Total Total X Total
Species CPUE Numbers % CPUE Numbers _% CPUE Numbers %
Alewife <0.10 ] 0.1 <0.10 ) 0.1  <0.10 2 0.1
American eel 5.60 237 15.4 1.90 81 7.8 3.80 318 12.4
Atiantic menhaden 0.30 13 0.8 0.30 14 1.4 0.30 27 1.1
Bay anchovy 0.20 7 0.5 0.1 5 g.5 0.10 12 0.5
Black bullhead <0.10 1 0.1 NC <0.10 1 <0.1
Bluegill <0.10 1 0.1 0.10 4 0.4 0.10 5 0.2
8rown bulThead 0.20 8 0.5 0.20 7 0.7 0.20 15 0.6
Carp <0.10 1 0.1 NC <0.10 1 <0.1
Channel catfish <0.10 2 0.1 0.10 6 0.6 6.10 8 0.3
Gizzard shad ¢.10 4 0.3 <0.10 2 0.2 0.10 6 0.2
Green sunfish NC <0.10 1 0.1 <0.10 1 <0.1
Herring (unident.} NC <0.10 1 0.1 <(,10 1 <0.1
Hogchoker 0.60 27 1.8 0.20 8 0.8 0.40 35 1.4
Large@outh bass <(.10 1 0.1 <0.10 1 0.1 <0.10 2 0.1
Pumpkinseed 3.5 145 9.5 2.40 101 9.8 2.90 246 9.6
Redbreqst sunfish NC 0.10 4 0.4 <0.10 4 0.2
Spottail shiner 1.00 40 2.6 1.20 49 4.7 1.10 89 3.5
Tessellated darter 0.30 12 0.8 0.10 3 0.3 0.20 15 0.6
Tidewater silverside <0.10 1 0.1 NC <0.10 1 <0.1
Nhjte catfish <0.10 2 0.1 <0.10 . 1 0.1 <0.10 3 0.1
White perch 18.90 795 51.8 14.6 612 59,2 16.7 1407 54.8
Yellow perch 5.60 236 15.4 3.10 132 12.8 4,40 368 14.3
Total mean CPUE 36.5 24.6 v 30.6
Total numbers 1534 1033 2567
Total number of species 19 19 22
Table 3-20
Mean Catch per Unit Effort (CPUE) and Total Catch of Fish Collected
by Seine in the C.P. Crane Study Area, Spring Season 1980
Low Tide High Tide Site Summary
Total Total X Total
Species CPUE  Numbers ] CPUE  Numbers % CPUE  Numbers %
Alewife NC <0.19 ] 0.2 <0.10 1 0.3
American eel 0.20 7 1.5 0.20 10 1.8 0.20 17 1.7
Atlantic menhaden 0.10 5 1.1 0.60 25 4.6 0.40 10 3.0
Atlantic silverside 0.50 23 5.0 0.70 29 5.3 0.60 52 5.2
Banded killifish 1.00 42 9.1 0.30 12 2.2 0.60 54 5.4
Bay anchavy <0.10 1 0.2 0.10 4 0.7 0.10 5 0.5
Blueback herring 0.10 4 0.9  4.50 188 34.4 2.3 192 19.0
8luegill 0.10 3 0.6 <0.19 [ 0.2 <0.10 4 0.4
Brown bullhead KC <0.10 1 0.2 <0.10 1 0.1
Carp <0.19 1 0.2 <0.10 1 0.2 <(,10 2 0.2
Catfish {unident.)} NC <0.10 2 0.4 <0.10 2 0.2
Gizzard shad <. 10 H 0.2 0.20 7 1.3 c.10 8 0.8
Goiden shiner <0, 10 1 0.2 nC <0,10 1 0.1
Herring (unident.) 0.20 Hil 2.2 0.10 3 0.5 0.20 13 1.3
Largemouth bass <0.70 1 0.2 0.10 3 0.5 <0.10 0.4
Murmichog 0.40 18 1.9 0.30 14 2.6 0.40 32 3.2
Pumpkinseed 0,20 10 2,2 0.10 5 0.9 0.20 15 1.5
Rainbow smelt 0.10 3 0.6 <0.10 2 0.4 0.10 5 0.5
Rough silverside 0.9G 7 8.0 <0.10 1 n.2 0.50 38 3.8
Spottail shiner 0.60 26 5.6 0.30 14 2.6 0.50 40 4.0
Tessellated darter 0.10 [ 1.3 NC 0.1¢ 3 0.6
Tidewater silverside 8.0 167 36.1 3.7 156 28,86 3.8 323 32.0
White perch 2.20 9 19.7 1.5 82 1.4 1.8 153 15.2
Yellow perch ¢.10 5 1.1 0.10 5 0.9 .10 10 1.0
Total mean CPUE 1.8 13.0 12.0
Total numbers 452 546 1008
Total No. of species 21 22 ‘ 24
ITI-24 science services division
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Trawl

A Trawling was effective in collecting the demersal spring spawners
white perch (1407 individuals) and yellow perch (368 individuals) as well as

rasident American eel (318 individuals) and pumpkinseed (246 individuals)
(Table 3-19),

Overall, catch comparisons revealed greater catches on low tide
(1,534 individuals, 19 species) thanm on high tide (1,033 individuals, 19
species), a trend observed for winter 1980 trawl catches as well (tables 3-12
and 3-19), Higher low-tide catches than high-tide catches were recorded at
the never- and sometimes-affected stations sampled during April 1980; however,
high~ and low-tide catches at the thermal discharge station were approximately

equal (Table 3-21 and appendix Table A-9),

Catches at always-heated station 03 (Saltpeter Creek discharge) were

highest on the first sampling date (123 individuals), fluctuated on the next

; three sampling dates, and declined to lowest values recorded at this station

' during the spring period (26 individuals on the last sampling date). Catches
at stations 04 and 05 fluctuated on a cyclic basis over the 7-nonconsecutive-

I day period {appendix Table A-9); the apparent cyclic nature of sbundance
patterns at those two stations as well as abundances at station 03 depended

l heavily on white perch catches and to lesser extent on yvellow perch abundances,
which fluctuated from day to day, These daily fluctuations may have been

I related to inshore movement to creek areas and subsequent spawning activities
in the study area; sexual condition data indicated that the majority of white

perch collected by trawl, seine, and gill net were in a "ripe and running"”

condition during the spring study period.

Spring trawl catches off ‘Wier Point during April 1980 collected a
total of 116 individuals representing five taxa. Catch composition comprised
85 white perch (73 percent), 25 American eel (22 percent), 3 yellow perch (3
percent), 1 hogchoker and 1 channel catfish, More fish were collected on high
tide (85 individuals) than on low tide (31 individuals) due to a large catch of
white perch (74 indivduals). American eel (17 individuals) and white perch (11
individuals) dominated the low-tide catch (Table 3-4).

III-25 acience services division
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Sampling for the spring 1980 season was completed over the regularly
scheduled 7 sampling days. Catches were sufficient to support analysis of the
following species/catch categories: 1) white perch density, 2) pumpkinseed
density, 3) yellow perch density, 4) total density. The densities (CPUE) were
transformed by loge (density + 1) to stabilize the variances for the analysis
of variance. The results of these analyses of variance are summarized in Table
3-22. The hypothesis of equal area means was rejected at the o= 0,05 level of
significance for white perch and pumpkinseed densities. Likewise, the hypoth-
esis of equal area means for total density was rejected at the o= 0.06 level

of significance,

Table 3-22

Analysis of Variance Results for Spring Trawl Catch

White Perch Yellow Perch Pumpkinseed Total Density
Degrees Sum of Sum of Sum of Sum of
Source of Variation of Freedom Squares Pr > F Squares r>F Squares r>F Squares Pr > F
Day 6 12.58 11.73 5.02 16.37
Area 2 10.41 .01 3.9¢ 0.12 10.93 0.0 6.22 0.06
Day x Area 12 9.67 0.07 9.20 8.97 10.40
Tide 1 1.06 0.28 3.65 0.09 0.58 0.28 1.37 0,15
Day x Tide 6 4.51 5.22 2.44 2.94
Area x Tide 2 0.52 0.47 2.24 0.22 0.69 0.45 1.30 0.06
Day x Area x Tide 12 3.85 Q.65 7.85 0.08 4.84 0.18 2.21 0.80
Residual 42 16.77 15.16 11.68 12.10
Corrected Total 83 59.36 58.95 45,74 52.90

Duncan's multiple range test was used to discriminate among the area
means for species whose F-test was significant. The results are given in Table
3-23, TFor white perch, mean catches at the always-affected area were signif-
icantly smaller than mean catches at the sometimes- and never—affected areas
(Figure 3-5), suggesting possible thermal preference or exclusion of white
perch from the area of the discharge during this species' spawning season. For
pumpkinseed, mean CPUE was significantly smaller at the never-affected area
than at the always— or sometimes-affected areas, suggesting possible attraction
or thermal preference for warmer waters during the spring season. For total
density, a somewhat different effect was observed., Mean catches at the some-

times- and always-affected areas were statistically different; however, the

ITI-27

science services dlvision




=2

mean CPUE at the never-affected area was not found to be statistically differ-

ent from either the sometimes— or always-affected area.

Table 3-23

Duncan's Multiple Range Test at o= 0.05 for White Perch,
Pumpkinseed, and Total Density Area Means

Grouping Mean N

White Perch A 2.94 28
A 2.77 28

B 2.12 28

Pumpkinseed A 1.13 28
A 1.06 28

B 0.33° 28

Total Density A 3.47 28
A B 3.23 28

B 2.81 28

Area

Sometimes affected
Never affected
Always affected

Sometimes affected
Always affected
Never affected

Sometimes affected
Never affected
Always affected

There was a significant difference in the means of the area-by-tide

interaction for total demsity (Table 3-22).

tide changes in mean values was rejected at the o= 0,06 level of significance.

The hypothesis of equal area-by-

At low tide in the sometimes- and never-affected areas there were proportional

increases in mean CPUE over that at high tide (Figure 3-6). However, in the

always-affected area there was a slight decline in mean CPUE at low tide over

that at high tide.

Seine

. Seine sampling during April 1980 collected primarily resident bay

species such as tidewater silverside, white perch, Atlantic silverside, and

banded killifish as well as the seasonal migrant Atlantic menhaden (30 in-

dividuals, 3 percent) and the anadromous blueback herring (192 individuals,

19 percent) (Table 3-20).

Somewhat higher catches and species numbers were recorded on high

tide than on low tide (546 individuals and 22 species high tide; 462 indi-

viduals and 21 species low tide) due primarily to large single catches of

ITI-28
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blueback herring on high tide at Battery Point station 05 (Table 3-21 and
appendix Table A-10). Examination of individual station catches revealed
larger high—-tide catches at Saltpeter Creek discharge station 03 and Battery
Point station 05 and smaller high—tide catches at sometimes-affectad Saltpeter

Creek mouth statiom 04 (Table 3-24).

Seine CPUE at thermal discharge station 03 declined from a peak value
on the first sampling date (91 individuals) through the fifth sampling date
(five individuals) and rose on the last two sampling excursions. Catches at
somet imes— and never—affected stations 04 and 05 fluctuated during the study
period, and no distinct abundance trend was cbserved (appendix Table A-10).

The pattern of cyclic fluctuations in white perch and to a lesser extent in
yellow perch catches observed in spring trawling was not evident in spring

seine catches.

Seines

Seine sampling for the spring season was completed over the seven
regularly scheduled sampling days. Catches were sufficient to support analysis
of the following species/catch categories: 1) white perch, 2) banded killi-
fish, 3) tidewater silverside, 4) mummichog, 5) total demsity. Densities (CPUE)
were transformed by 1oge (density + 1) to stabilize the variances for the
analysis of variance. The results of these analyses of variance are summarized

in Table 3-25.

The hypothesis of equal area means was rejected at the o= 0.05 level
of significance for white perch and banded killifish., Likewise, the hypothesis
of equal area-by-tide means was rejected at the o= 0.05 level of significance
for banded killifish only. Duncan's multiple range test was used to discrimi-
nate among the area and tide means. The results are given in Table 3-26.

For banded killifish, mean catches at the never—affected area were signif-
jcantly smaller than those obtained at the always- and sometimes—affected
areas. Further, the mean catches of banded killifish obtained at low tide
were significantly larger than those at high tide. These results when coupled
with similar findings for this species during winter suggest that banded killi-

fish prefer/are attracted to the warmer waters in the plume area during winter

«
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and early spring months. Mean catches of white perch at the never-affected

area were significantly larger than those obtained at the always—affected

area, again suggesting avoidance of the immediate discharge area during the

spring spawning season. However, mean catches obtained at the somet imes~

affected area differed statistically from those cobtained at either the never-

or always—affected area.

Table 3-25

Analysis of Variance Results for Spring Seine Catch

. Tidewater
White Perch Banded Kitlifish Silverside Mummichog Total Density
Degrees Sum of 5 f ] f
Source of Variation of Freedom Squares pr > f Sc;lear?es Pr > F S;uﬂ:es r F SSqTarn:s Pr >F ss;ﬂf:s Pr > F
Day § 2.33 2.42 21.34 1.7 24.54
Area 2 5.41 0.06 2.59  <0.01 3.45 .33 1.61 0.03 0.13 0.96
Day x Area 12 8.81 1.73 17.40 3.09 21.29
Tida 1 0.02 0.75 1.70 0.03 0.18 .75 0.07 0.63 0.16 0.82
Day x Tide 6 1.00 1.37 10.23 1.89 17.85
Area x Tide 2 3.42 0.06 0.86 0.07 0.67 .96 0.36 0.42 6.22 0.14
Day x Area x Tide 12 5.88 0.56 1.82 2.94 11.74 0.36 2.36 0.13 16.35 0.43
Residual 42 22.87 .98 6.3 5.67 54.97
Corrected Total 83 49.74 ' 24,15 100.81 16.23 1431.52
Table 3-26
Duncan's Multiple Range Test at o= 0.05 for White Perch and
Banded Killifish Area Means and Banded Killifish Tide Means
Grouping  Mean N Area
Banded Kitlifish A 0.50 28  Always affected
(Area Means) A 0.36 28 Sometimes affected
B 0.08 28 Never affected
White Perch A 0.86 28 Never affected
(Area Means) A B 0.65 28 Sometimes affected
B 0.25 28 Always affected
Banded Killifish A 0.46 42 Low
(Tide Means) B 0.17 42 High
I111-32
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The test of no interaction between the area and tide means was re-

jected for white perch and total density, indicating that differences between
area means were not consistent at high and low tides. In Figure 3-7, decreases |

in mean catches of white perch at the never- and always-affected areas were

consistent across tides. However, mean catch in the sometimes-affected area

was decidedly higher at low tide than at high tide. Figure 3-8 for total
density shows a corresponding increase in mean catches at low tide for the
always- and sometimes-affected areas over those obtained at high tide. How-
ever, there was no change in mean catches for the never—-affected area across
tides,

1.00 ~
% N .S
7
L 4
.
0.75 |- A"
s /
S ’/
=
3 0.50f /
A
SJ
0.25 ~
A
I i
HIGH LOW
TIDE
Figure 3~7. Area-by-Tide Interaction Plot for White Perch CPUE
by Seine, Spring Season 1980
1.0
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&
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Lt
* 050}
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! ]
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Figure 3-8, Area~by-Tide Interaction Plot for Banded Killifish CPUE

by Seine, Spring Season 1980
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22
d. Complete Model

Trawls

The unbalanced, cross-classified, nested analysis of variance medel

(CCNAOV) was used to analvze all the trawl data obtained for total fish demsity

and for white perch density (the only fish species with sufficient catches

during each season to support analysis),

Densities (CPUE) were transformed by

1oge (density + 1) for the CCNAOV, The results of these analyses of variance

are summarized in Table 3-27,

Source of Yariation

Season

Area

Season x Area

Day (Season)

Area x Day (Season)
Tide

Season x Tide

Area x Tide

Season x Area x Tide
Tide x Day (Season)
Area x Tide x Day (Season)
Residual

Corracted Total

The hypotheses of

Table 3-27

Complete Model Analysis of Variance for Trawl Data, Seasons Combined

White Perch

Total Density

Degrees Sum of > F Sum of . F
of Freedom Squares r Squares r
2 209.60 <0.01 377.22 <0.01
2 24.49 <0.017 1.22 0.67
4 96.84 <0.01 14.15 0.08
16 35.16 27.39
32 29.73 48.53
1 1.18 0.29 Z.00 0.06
0.22 0.90 0.19 0.83
1.41 0.09 0.89 0.26
0.72  0.62 5.71  <0.01
16 15.43 8.06
32 8.68 9.97
114 40.15 27 .61
227 463.61 522.93

equal season and area means were rejected for white

perch at the a = 0,05 level of significance. Duncan's multiple range test was

used to discriminate among the season and area means for white perch.

sults are given in Table 3-28.

The re-

Mean catches for spring were significantly

larger than mean catches for summer, and mean catches were significantly larger

for summer than for winter.

Hence, three separate groupings were given to
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seasons, In addition, mean catches of white perch for the always—-affected
area were significantly larger than mean catches in the never- and sometimes-
affected areas, suggesting an overall attraction/ preference of this species

for the heated waters in the vicinity of the C.P. Crane thermal discharge,

Table 3-28

Duncan's Multiple Range Test at a = 0.05 for White Perch Area
and Season Means and Total Density Means of Trawl Catch Data

Grouping M=2an N Season Area

Season A 2.61 84  Spring NA
(White Perch) B 1.80 84 Summer NA

C 0.18 60 Winter NA
Area A 2.13 76 NA Always affected
(White Perch) B 1.46 76 NA Never affected

B 1.37 76 NA Sometimes affected

Season . A 4.55 84  Summer NA
(Total Density) B 3.17 84 Spring NA

¢ 1.27 60  Winter NA
NA = Not applicable.

CPUE for white perch also displayed a significant season-by-area
interaction, The hypothesis of equal changes in area means by season was re-
tjected at the o« = 0,05 level of significance., A plot of the season-by-area
interaction is given in Figure 3-9. The mean CPUE for the winter season was
extremely small and consequently had little effect on the season~by-area in-
teraction, Moreover, white perch were decidedly attracted to the thermal
effluent in summer, whereas they showed a significant decrease in density
(avoidance) at the always-heated area (thermal discharge station 03) during

the spring spawning season,

The hypothesis of equal season means for total density was rejected
at the o= 0,05 level of significance. Mean catches for the summer season were
significantly larger than mean catches for the spring season. Furthermore,
mean catches for the spring season were significantly larger than the mean
catches for the winter season, Thus, there were three separate groupings of

seasons for total density (CPUE).
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Figure 3-9., Season—by-Area Interaction Plot for White Perch CPUE by Trawl

The test of no interaction between the area and tide means for total
density was significant at the o = 0.05 level. A plot of the area-by-tide in-
teraction for total density is given in Figuré 3-10, This figure clearly shows
little difference in mean catch at the always-affected area for high and low
tides. However, the never—affected and sometimes-affected areas had larger

mean catches at low tides than at high tides in the same areas.

The test of no interaction between the season and area means for
total density was significant at the o« = 0,08 level, A plot of the season—
by-area intaraction for total density is given in Figure 3-11, From the graph
it is evident that the changes in area means across Seasons were approximately
the same for the never— and sometimes-affected areas. However, the difference
in the always-affected area means decreased correspondingly from the summer to

the winter season.
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Seines

The unbalanced, cross-classified, nested analysis of variance model
(CCNAOV) was used to analyze all the seine data for white perch density, mummi-
chog density, and total fish density. Densities (CPUE) were transformed by
log, (density + 1) for the CCNAOV, The results of these analyses of variance

are summarized in Table 3-29.

Table 3-29

Complete Model Analysis of Variance for Seine Data

White Perch Mummi chog Total Density
] o Degrees Sum of > F Sum of > F Sum of > F
Source of Variation of Freedom  Squares r Squares r Squares r
Season 2 26.58 <0,01 0.71 0.21 257.21 <0.01
Area 2 10.70 <0.0% 2.83 <0.03 1.76 0.51
Season x Area 4 11.51 <0.07 0.42 0.63 4.79 0.45
Day (Season} 16 6.50 3.33 32.71
Area x Day (Season) 32 19.64 5.17 40.81
Tide 1 0.22 0.21 0.11 0.37 0.32 0.63
Season x Tide F4 0.64 0.12 0.04 0.86 0.27 0.50
Area x Tide 2 2.15 0.06 0.20 0.30 8.13 0.02
Season x Area x Tide 4 2.74 0.12 0.28 0.50 7.81 0.11
Tide x Day {Season) 16 2.08 w 2.10 20.78
Area x Tide x Day (Season) 32 10.91 0.45 2.59 0.74 30.69 0.06
Residual 114 37.95 ‘ 11.33 72.79
Corrected Total 227 131.81 ! 29.10 478.07

The hypothesis of equal season means was rejected at the a = 0.05
level of significance for white perch and total demsity., The hypothesis of
equal area means was rejected at the &= 0,05 level of significance for white
perch and mummichog density, Duncan's multiple range test was used to dis-
criminate among the season and area means for the categories. The results are
given in Table 3-30. For white perch and total density, summer mean catches
were significantly larger than spring mean catches. Also, for white perch
and total density, spring mean catches were significantly larger than winter
mean catches, Thus, three separate groupings were given to seasons for white
perch and total density., Mean catches of white perch in the never-affected

area were significantly larger than those obtained at either the always— or
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sometimes~affected area, suggesting an overall avoidance or exclusion from

thermally influenced shore-zone waters in the study area. Additiomally,

mummichog density, mean catches for the always-affected area were significantly

larger than those at either the sometimes— or never-

diate vicinity of the C.P., Crane thermal discharge,

Tzble 3-30

Duncan's Multiple Range Test at « =

0.05 for White Perch Season and Area
Means, Mummichog Area Means, and Total Density Season Means of Seine Catches

Grouping Mean N Season
Season A 0.87 84 Summer
{(White Perch) B (.58 84 Spring
C 0.00 60 Winter
Area A 0.84 76 NA
{White Perch) B 0.40 76 NA
B 0.36 76 NA
Area A 0.28 76 NA
(Mummichog) B 0.07 76 NA
B 0.03 76 NA
Season A 3.07 84 Surmer
{(Total Density) B ¢ 1.67 84 Spring
0.38 60 Winter

NA = Not applicable,

for

affected area, suggesting

an overall pattern of attraction to the heated shore-zone waters in the imme-

Never affected
Always affected
Sometimes affected

Always affected
Sometimes affected
Never affected

NA
NA
NA

CPUE for white perch also displayed a significant season-by-area in-

teraction, The hypothesis of equal differences in area means by season was

rejected at the a = 0,05 level of significance.

interaction for white perch is given in Figure 3-12,

A plot of the season-by-area

The interaction is due to

the decrease in mean catches of white perch across seasons in the sometimes-

affected areas., For the never— and always-affected areas, the mean catches

increased from spring to summer and decreased from summer to winter.
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Figure 3-12, Season—by-Area Interaction Plot of White Perch CPUE by Seine

The hypothesis of equal differences in area means by tide was re-
jected at the o = 0,05 level Qf significance for white perch and total density
(Figures 3-13 and 3-14), For white perch, mean catches at high tide were
decidedly larger than those at low tide. Mean catches for the sometimes—
affected areas at high tide were significantly smaller than those at low tide,
whereas the mean catches for the never-affected area were about the same for
both tides. The same type of phenomenon occurred for total density, although
mean catches for each season—area cell were more nearly equal than those for
white perch. The mean catch for the always-affected area was decidedly smaller
at low tide than at high tide. The mean catch for the sometimes—-affected area
was significantly larger at high tide than at low tide, whereas the mean

catches for the never—affected area were about the same for each tide.
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B, PARASITE ANALYSES
1. Zooplankton Sampling

Plankton net samples were collected concurremtly with trawling
during 1979-1980 to evaluate water column densities of the parasitic copepods
Ergasilus and Argulus as they related to parasitic infestation levels in
thermally affected and nonaffected areas in the C.P. Crane plant vicinity.

Seasonal mean densities of Ergasilus and Argulus collected in these areas

appear in Table 3-31. Mean station/tide densities encountered on each sampling

date are presented in appendix tables A-1l through A-13,

Table 3-31

Seasonal Mean Densities (No./m3) of Ergasilus and Argulus
Collected by 0,5-Meter Plankton Net in the Vicinity
of C.P. Crane Generating Statiom, 1979-80

Station
Season Taxa Low** High Low ﬂigﬂ Low High Low High Combined

Summer Copepoda
Jul-Aug 1979 Cyclopoida
Ergasilus spp. 2.02 3.10 3.23 2.33 3.85 2.72  3.04 2.1 2.88

Branchiura
') Arqulidae
Arqulus alosae 0.61 0.49 0.48 0.50 0.64 0.46 (.58 0.49 0.53

Winter Copepoda
Jan 1980 Cyclopoida
Ergasilus spp. NC NC NC NC 0.01 NC 0.00 0.00 0.00

Branchiura
Argulidae
Arqulus alosae 0.02 NC NC NC NC NC 0.00 0.00 0.00

Spring Copepoda
Apr 1980 Cyclopoida
Ergasilus spp. 1.24 1.64 2.63 2.67 2.54 2.89 2.13 2.40 2.27

Branchiura
Argulidae
Arquius alosae NC 0.16 NC NC NC NC NC 0.03 0.02

*Values are means of daily mean densities of duplicate sampies collected for 7 nonconsecutive days
{Summer, Spring) or 5 nonconsecutive days {Winter} on each tide at each station.

ek
Low and High = tide stage.
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Ergasilus spp., represented by E. cerastes, E. lizae, and E,

labracis, were distributed relatively uniformly throughout the study area,

averaging 2.9 organisms/m3 of water sampled during the summer 1979 season,
Densities were slightly higher on ilow tide at Saltpeter Creek mouth (3,2
organisms/m3) and Battery Point (3.9 organisms/m3) but greatest on high tide
(3.1 organisms/m3) in the vicinity of the thermal discharge. Mean total
density of Ergasilus spp., (tides combined) was highest at Battery Point (3.2
organisms/m3) and lowest in the Saltpeter Creek discharge area (2.6 organ—
isms/m3) (Table 3-31).

Comparison of 1979 summer samples with data collected by Grant and
Berkowitz (1979a) during summer 1978 revealed a somewhat lower mean Ergasilus
density during August 1979 (2.9 organisms/m3) than observed during August 1978
(5.6 organisms/m3), but apparently higher than those observed by Grant et al
(1980) during July and August 1979; no density estimates were provided in this
1980 report for comparison purposes, This difference can be explained by dif-
ferences in sampling years, differing sampling gear sizes and efficiencies,
stations sampled and included in the mean, and the fact that only potentially

parasitic female Ergasilus were enumerated during the present TI survey,

As expected, Ergasilus spp. densities diminished greatly in the
C.P. Crane study area during the January 1980 (winter) season. Ergasilus
Spp. were collected on only one sampling date (14 January), at Gunpowder River
station 05 on low tide (0.0l organism/m3). - Grant et al (1980) of VIMS col-
lected no Ergasilus in 202-micron mesh net samples during January 1980 zoo-
plankton sampling in the study area, Ergasilus spp. densities in the study
area approached summer 1979 levels during mid- to late April 1980, averaging
2.3 organisms/m3 of water sampled, Densities were relatively uniform on high
and low tides at Saltpeter Creek mouth (2.6/m3 at low tide, 2,7/m3 at high
tide) and Gunpowder River/Battery Point (2.5/m3 at low tide, 2.9/m3 at high
tide) but were apparently lower in the area of the thermal discharge (1,2/m> at
low tide, 1.6/m3 at high tide) (Table 3-31).
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Data collected by VIMS (Grant and Berkowitz, 1979b) during spring
1979 in the Crane study area indicated that Ergasilus were rare or abgent in
their collections until May and June, when they began to appear in greater
abundance. April density levels were not available in their report for com-

parison purposes. During May and June, VIMS collected Ergasilus cerastes at

all locations except the uppermost Gunpowder River and outermost river sta-

tions, while Ergasilus chautauquaensis {suggested as probably free-living)

were collected predominantly in the immediate intake area (Seneca Creek) and
in discharge waters (Saltpeter Creek) in the vicinity of the C.P. Cranme plant.
Mean summer densities of 5.6 organisms/m3 were recorded in the study area
during 1978, ranking Ergasilus as one of the dominant five taxa in an
"atypically" structured summer zooplankton community (Grant and Berkowitz,
1979a).

Ecological Analysts, Inc. (EA) (1980) noted that Ergasilus were
occasionally taken in plankton samples and recorded overall mean densities of
6.8/m3 (BO-micron mesh net), 7.9/m3 (153-micron mesh net), and 3.0 x 1075 /m3
(505-micron mesh net) in near- and farfield regions of the C.P. Crame study
area. Occurrences of Ergasilus spp. were sporadic and discontinuous in 80-
micron mesh net catches, occurring in January in the upper and lower Gunpowder
River, in April and June in Seneca and Saltpeter creeks respectively, and
throughout the area during late summer; catches diminished during September
and November., Ergasilus did not occur in 153-micron mesh net samples until
May 1979 and were present in low densities until August, when peak seasonal
values were recorded in the upper Gunpowder River and upper Dundee Creek. As

observed for 80-micron mesh nets, densities declined through the late fall.

The present study found Argulus spp., represented by A. alosae, uni-
formly distributed over the study area during summer 1979, averaging 0.53
organism/ma of water sampled. Densities were greatest on low tide (0,61
organism/m3) at Saltpeter Creek discharge and Battery Point (0.64 organism/m3)
and highest on high tide at Saltpeter Creek mouth (0.50 organism/m3).‘ Mean
total density of Argulus spp. (tides combined) was identical for Saltpeter
Creek discharge and Battery Point areas (0.55 organism/m3) and averaged 0.49

organism/m> at Saltpeter Creek mouth (Table 3-31).
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The mean Argulus density observed during summer 1979 (0,53 organ-—

ism/w3) was also somewhat lower than August densities encountered by VIMS

(Grant and Berkowitz, 1979a) during summer 1978 (1.2 organisms/m3) and was
actually more in line with September 1978 densities (0,5 organism/m3), and
comparable to July and August 1979 densities (0.9 and 0,3 organisms/m3,
respectively) reported by Grant et al (1980). This approximate two-fold
difference may also be explained by differences in sampling years and in

stations sampled and used to create the mean value,

Argulus alosae were collected on only the first sampling date of the
vinter season (14 January), at Saltpeter Creek thermal discharge station 03 on
low tide (0,02 organism/m3) (Table A-12}), Their population had not yet re-
covered from winter stock depletions by April 1980, They were encountered in
plankton samples only on a single sampling date (18 April) (Table 3-31), on low

tide at Saltpeter Creek thermal discharge station 03 (0.7 organism/m3) (Table
A-13).

VIMS (Grant and Berkowitz 1979a, Grant et al 1980) data revealed that
Argulus in the C,P, Crane study area were rare or absent in collections until
May and June, when they began to appear in greater abundance, During spring

1979, Argulus alosae appeared only in catches from the Chesapeake Bay side of

the study area, suggesting seasonal recruitment from bay waters., Catches taken
during summdr 1978 revealed Argulus to be one of the five dominant taxa in an

"atypically" structured summer zooplankton community,

Overall mean densities of Argulus reported by EA (1980) were 0.75/m3
and 0.10/m3 for 153-micron and 505-micron mesh nets respectively during 1974,
Argulus catches for 153-micron mesh nets were low during June 1979, peaked in

July at the mouth of Seneca Creek, declired during early fall, and disappeared

after October.

Data from 505-micron mesh net catches revealed a relatively contin-
uous Argulus distribution in the C.P, Crane study area, with specimens col-
lected from June through November 1979, Peak abundances for the June-October
period occurred from upper Dundee Creek out through Saltpeter Creek to the

waters off Carroll Island., Maximum mean Argulus densities were recorded in
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July at the confluence of Saltpeter and Dundee creeks for 505-micron mesh nets
and at the mouth of Senmeca Creek for 153-micron mesh nets. Densities declined
throughout the study area during fall and were uniformly reduced at all sam-
pling locations by November 1979 (EA 1980).

The combined results of zooplankton surveys in the nearfield and
farfield vicinities of the C.P. Crane Generating Station reveal comparable
densities among studies and a widespread seasonal distribution pattern for
parasitic copepods Ergasilus spp. and Argulus alosae, which ocecur within the
study area from January through November, Abundances appear to follow a
typical cyclic pattern positively correlated with water temperature, dis-
playing discontinuous and infrequent abundance during winter, early spring,
and late fall (November through April), increasing densities throughout the
study area to peak abundances in July-August, and uniform though declining
densities during September and October. Data from past studies and the present
survey indicate no counsistent trend of increased parasite densities in the

vicinity of the C.P, Crame thermal discharge.

Although the present study did not determine relative abundance for
all zooplankton collected, previous studies by VIMS (Grant and Berkowitz 1979%a

and b) revealed that Argulus and Ergasilus accounted for two of the five domi-

nant mezo-zooplankten taxa in the study area and as such represented important
components of an apparently "atypically" structured zooplankton community.
Ecological Analysts (EA) (1980), however, found that Ergasilus accounted for

no more than 0.25 percent of the total zooplankton catch, even during its month
of peak abundance {August), while Argulus during its peak month accounted for
no more than 0,06 percent of the zooplankton. Their findings indicated that
these two parasites are relatively unimportant contributors to the total zoo—

plankton community.

2. Parasite/Abnormality Analysis
a., Summer 1979

The same experimental design was used for fish parasite analysis as
for trawl and beach seine data, with the following exception. Parasite data

were combined over replications to avoid empty cells in the data matrix and so
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that beach seine parasite data could be incorporated with trawl and zooplankton
parasite data., The MANOV test was unaffected by this step, since the area,
tide and area-by-tide mean squares were tested by the day-by-area, day-by-tide,
and day-by-area-by-tide mean squares, respectively. The variation between
replications for a day-by-area-by-tide combination provided an estimate of the
residual mean square, which was not used in any of the tests for this study,
There was, however, some reduction in power of the tests, since the means of
the transformed data for area, tide, and area-by-tide were made up of 14, 21,
and 7 observations rather than 28, 42, and 14, The decision to combine over
replicates was made to incorporate parasite infestation information provided by
the beach seine data, which in a number of instances was too scanty for single
gear comparisons, while sacrificing the information provided by residual vari-
ability., The data were combined in the sense that the numbers of parasites per
fish were averaged over replications and gear, while the proportions of in-
fested fish were obtained by taking the ratio of infested-versus-inspected fish
counted across replications and gear. The unequal variances created by com—
bining the data in this manner were not deemed inappropriate since these data
were re-expressed by variance-stabilizing transformations and the multivariate
analysis of variance technique allows for heteroscedasticity. The only fish
present in sufficient numbers for statistical analysis were white perch, spot,
and total target fish catch combined. Since the apparent Argulus infestation
rate on fish examined was extremely low, only statistical analysis for
Ergasilus spp. infested fish was attempted. Low numbers of Argulus found

in sample bags and presumed to have fallen off during preservation/handling
were not included in the analyses, since they could not be traced to individual
specimens, Parasite data for all target species appears iLn appendix tables
A-14 and A-15,

Of the six target species examined, spot was the most often and most
heavily parasitized by Ergasilus spp., displaying between 93 and 100 percent
infestation occurrence in all three test areas (Table 3-32). Channel catfish
ranked second, exhibiting 76 percen:t infestation at Battery Point (never-
affected area) and 83 and 86 percent infestation at Saltpeter Creek discharge

and Saltpeter Creek mouth respectively.
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Table 3-32

Parasitism Analysis of Key Species Collected® in Vicinity
of C,P, Crane Power Statiom, July-August 1979

No. No. %
Species/Location Examined Parasite  Site Severity** Infested Infested

White perch

Discharge 287 Ergasilus Gills 1.0 11 3.8
Body 1.0 1 <1.0
Creek Mouth 80 Ergasilus Gills 1.5 4 5.0
Battery Point 175 Ergasilus Gills 1.0 1 <1.0
175 Argulus Gills 1.0 2 1.1
Spot
Discharge 201 Ergasilus Gills 12.6 188 93.5
: Arqulus Body 1.0 1 <1.0
Creek Mouth 186 Ergasilus Gills 14.9 178 95.6
Battery Point 208 Ergasilus Gills 13.1 208 100.0
Channel catfish
Discharge 6 Ergasilus Gills 9.8 5 83.3
Creek Mouth 7 Ergasilus Gills 13.3 6 85.7
Battery Point 17 Ergasilus Gills 33 13 76.4
*Traw1 and seine catch data combined.
**Severity is average number of parasites encountered per fish.
Conversely, white perch exhibited a relatively low infestation rate
(0 to 5 percent), with the greatest percentage of those infested occurring at
the Saltpeter Creek mouth. Relatively low infestations rates were observed
also for yellow perch, pumpkinseed, and mummichog, As noted, the low numbers
collected for channel catfish, yellow perch, pumpkinseed, and mummichog pre-
cluded statistical analyses of these data for summer 1979,
A small number of white perch (approximately 5 percent of total
catch) were observed to have sores or evidence of mechanical abrasion in the
area of the caudal peduncle. However, no overt evidence of parasite infesta-
tion or disease was noted, No cases of fish malformation (scoliosis, pug-
headedness, etc,) were recorded.
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As previously noted {Section II), the vector of variables of interest

in the detailed parasite analysis were

1) The density (no./m3) of Ergasilus in the water column as
determined by zooplanktor. sampling

2) The proportion of fish irspected that were infested with

Ergasilus
3) The number of Ergasilus per infested fish.

To stabilize the variances for the multivariate analysis of variance,

the following transformations were made:

1) Since the Ergasilus density was averaged over the
replications, it was multiplied by the square root of
the number of tows for the mean.

2) The proportion of fish, P, infested with Ergasilus
was transformed to

\/N + 0.5 arc sine \/(P + 3/8)/N + 0.75,

where N is the total number of fish inspected for an
area-tide date (Anscombe 1948),

3) The number of Ergasilus per infested fish was trans-
formed by log, (count + 1).

The probability values of tests using Wilk's lambda are summarized as

follows:
All Fish White Perch Spot
Area 0.051 0.389 0,164
Tide 0.632 0.510 0.662
Area x tide 0,561 0.309 0.664

The only hypothesis rejec:ed at the @ = 0,05 level was that of no
overall area effects for all fish (total number examined) combined. Single-
degree-of-freedom tests then were performed, comparing the three areas, The

probability values associated with the Wilk's lambda for these tests were

Always— vs, Never-Affected 0.045
Always— vs, Sometines-Affected 0.193
Never— vs. Sometimes-Affected 0.137
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These results indicate that the majority of disagreement with the
hypothesis of no overall area effects seemed to come from the always- and

never—affected areas,

To determine which of the three response variables were affected by
area differences, univariate analyses of variance were computed for all fish

combined, The probability values of the F-tests were:

Proportion Ergasilus Number of Ergasilus

Infested Density per Infested Fish
Area 0.082 0.432 0.073
Tide 0.709 0.611 0,178
Area x tide 0.654 0.109 0.576

Results indicated that condition or conditions differences (e.g.,
water temperature) in the always-heated and never-heated areas did not seem
to affect the proportion of target species (white perch, spot) infested, the
severity of the infestation, or Ergasilus densities in the water column but
did affect the proportion of total infested fish and the number of Ergasilus
per infested fish,

Actual area values, as opposed to the transformed values, also

illustrate these area differences:

Always Never Sometimes

Affected Affected Affected
Proportion of infested fish 0.34 0.51 0.42
Number of Ergasilus per infested fish 3.99 7.32 6.39
Ergasilus density 2,56 3.28 2,78

Further examination of parasite analysis data revealed that, overall,
a greater proportion of infested and more heavily parasitized fish were col-
lected in the never—-affected control area in the Gunpowder River off Battery
Point than in the vicinity of the C.P. Crane thermal discharge. This apparent
"lessened parasitism effect" observed for catches in the plant discharge vicin-
ity is attributed to the community imbalance created by the apparent thermal
exclusion of spot (the most heavily parasitized species) from the discharge

area during the summer season (see paragraph III.A.2,a),
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b. Winter (January) 1980

Neither fish catches nor zooplankton densities during the winter

season were sufficient to support fish parasite statistical analysis,

Ergasilus and Argulus parasite dats for all target species examined during
the winter season appear in Table 3-33 and appendix tables A-16 and A-17.

Other observations of overt parasitism and disease are described in subsection
I11.C,

Of the six target species examined, white perch (17 individuals
examined) was the most often and most heavily parasitized by Ergasilus spp.
White perch displayed between 75 and 100 percent infestation in the gill area
in all three test areas (Table 3-33), 16,7 percent infestation on fin surfaces,
and 8 percent infestation on branchiostegal membranes and external maxillary in
the vicinity of the thermal discharge. Infestation on gill surfaces was con~
siderably more severe (number of parasites per fish) in the thermal discharge
(24.1) than at Saltpeter Creek mouth station 04 (3,7) or Battery Point station
05 (7.0). Based on a sample size of 12 specimens, the severity level observed
at thermal discharge station 03 was the highest recorded level for white perch
at any station during all three seasons sampled, By comparison, yellow perch
(68 individuals examined) were lightly infested, displaying single infestations
in the thermal discharge area and at Battery Point and none at Saltpeter Creek
mouth, Of the 33 pumpkinseed examired, a single specimen was found to be
lightly infested (severity = 1,0) by Ergasilus spp. WNone of the channel
catfish (two individuals), mumnichog (four individuals) or carp (11 individ-

uals) examined were parasitized by Ergasilus spp. No infestation by Argulus
alosae was observed during winter (January) 1980,

c. Spring (April) 1980

The only fish collected during spring 1980 in sufficient numbers for
parasite analysis were white perch and all fish combined., Since the apparent
Argulus infestation rate on fish examined was extremely low in the study area
during spring 1980, statistical analysis for Ergasilus spp, only was attempted,
Since fish were bagged individually in an attempt to alleviate the problem of

host abandomment and infestation traceability soon after a fish's removal from
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from the water, we feel that the low Argulus infestation rates observed were

representative of actual system levels,

appear in Table 3-34 and appendix tables A-18 and A-19.

No.

Species/Location Examined Parasite
White perch

Discharge 150 Ergasilus

Creek Mouth 211 Ergasilus

Argulus

Battery Point 218 Ergasilus
Yellow perch

Discharge 79 None

Creek Mouth 121 None

Battery Point 164 Ergasilus
Pumpkinseed

Discharge 92 Ergasilus

Creek Mouth 87 Ergasilus

Battery Point 20 Ergasilus
Channel catfish

Discharge 5 None

Cresk Mouth 2 Ergasilus

Battery Point i Mone
Mummichog

Discharge 21 frqasilus

Creek Mouth 4 None

Battery Point 5 Ergasilus
Carp

Battery Point 2 None

Table 3-34

Site

Gitls

Body

Maxillary {external)
Lodse in collection bag

Gills

Fins

Body

Maiitlary (external)
Louse in collection bag

Lonse in collection bag

Giils

Body

Mouth

Maxillary (external)
Mandible

Loose in callection bag

Gills

Body

Gills
Giils
Gills

Gills

Gills

Gills

*
Severity = Average number of parasites encountered per fish.

Parasite data for all target species

Parasitism Analysis of Key Species Collected in
Vicinity of C.P. Crane Power Stationm, April 1980

) No. %
Severity* Infested Infested

4.8 68 45.3
1.5 10 6.6
2.8 2 1.3
1.8 5 3.3
3.6 121 57.3
1.1 3 1.4
1.1 17 8.0
1.0 4 1.8
1.9 11 5.2
1.7 1 0.4
1.8 85, 43.5
1.4 19 8.7
1.0 2 g.9
0.7 2 0.9
1.0 2 0.9
1.6 4 1.8
c.9 1 0.6
t.9 1 0.6
1.8 4 4.3
1.1 7
1.5 2 0.1
1.0 1 50.0
1.0 1 4.7
2.0 1 20.0
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Of the six target species examined during spring 1980, white perch
(579 individuals examined) was the most often and most heavily parasitized by
Ergasilus spp., showing between 43 and 57 percent infestation rates in the
study area (Table 3-34), Pumpkinseed (199 individuals examined) ranked second,
displaying low infestation levels in three test areas. Yellow perch {364 indi-
viduals) channel catfish (eight individuals), mummichog (30 individuals), and
carp (two individuals) also displayed low levels of parasite infestatiom (Table
3-34).

As with summer 1979 and winter data, the vector of variables of
interest in this analysis were:

e The density of Ergasilus in the water column as
collected by the zooplankton tows

e The proportion of the inspected fish infested with
Ergasilus

¢ The number of Ergasilus per infested fish

To stabilize the variances of these variables for the multivariate

analysis of variance, the following transformations were made:

e Since the Ergasilus density was averaged over replica—-
tions, density values were multiplied by the square
root of the number of tows for the mean.

e The proportion of fish, P, infested with Ergasilus was

transformed to .[N+0.5 arcsine {(P+3/8)/(N+0.75),
where N is the total number of fish inspected for an
area-tide date (Anscombe 1948).

e The number of Ergasilus per infested fish was trans-—
formed by log, (count + 1),

The probability values of tests using Wilk's lambda are summarized as

follows:
All fish White Perch
Area ¢.03 0.03
Tide 0,75 0.73
Area x Tide 0,63 o 0.62
I11-54 science amervices division
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The only hypothesis for spring 1980 data rejected at the a = 0,05 level was
that of no overall area effects for white perch and all fish combined. Con-
sequently, single-degree-of-freedom tests were made comparing the three areas,

The probability values associated with the Wilk's lambda for these tests were:

Contrast All Fish White Perch
Never— vs., Sometimes-Affected 0.4678 0,0973
Always— vs, Sometimes~Affected 0.0703 0.,0681
Always— vs. Never-Affected 0.1470 0.4216

Thus, for all fish and white perch, the most significant contrast was
between the always—affected station 03, thermal discharge, and the sometimes~

affected area, Saltpeter Creek mouth station 04.

To determine which of the three response variables were affected by
avea differences, univariate analyses of variance were computed for all fish

combined and for white perch. The probability of the F-tests are:

Proportion Ergasilus Number of
All fish Infested Density Ergasilus per Infested Fish
Area 0.209 0.072 0.035
Tide 0.692 0.637 0.577
Area x Tide 0.523 0,176 3,851
Proportion Ergasilus Number of
White Perch Infested Density Ergasilus per Infested Fish
Area 0.190 0.072 0,029
Tide 0.760 0.637 0.512
Area x Tide 0.517 0.176 0.834

These results indicate that environmental conditions within the test areas
affected the Ergasilus density in the water column and also the number of
Ergasilus per infested fish but not the proportion of infested fish in the
total number examined for white perch and for total fish demsity. The trans-
formed means for white perch directly illustrate the area differences (Table
3-35)., This test indicates that there were considerably fewer Ergasilus per
infested fish in the never-affected area than in the other areas. Likewise,
Ergasilus densities in the sometimes-affected area were significantly greater
than in the always— or never-affected area. Although the above test data

appear to indicate a greater proportion of infested white perch in the vicinity
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of the thermal discharge than at sometime~ and never—affected areas, results of
aforementioned univariate analyses of variance showed that the area term for
the proportion infested was not significant at the o = 0.05 level of signifi-

cance.,

Table 3-33

Area Affects for White Perch Parasite Data

Affected Area

Variables Always Never Sometimes
Proportion of infested fish 0.56 0.42 0.43
Number of Ergasilus per fish 1.36 1.0 1.26
Ergasilus density 3.49 3.28 4.98

Based on these test data, it appears that during sprimg 1980,
Ergasilus water column densities were significantly greater in the sometimes~
affected area {Saltpeter Creek mouth) than in the vicinity of the thermal
discharge or at never-affected area (Saltpeter Creek mouth) than in the
vicinity of the thermal discharge or at never-affected statiom 05 (Battery
Point), Although the proportion of fish infested by Ergasilus spp. was not
significantly different for amy station, envirommental conditions (possibly
water temperature) in the vicinity of the thermal discharge and sometimes-
affected areas may be the cause of increased numbers for parasites (i.e.,

increased severity) per infested fish.

d. Complete Model

A multivariate unbalanced, cross—classified, nested analysis of
variance (MCCNAOV) was used to analyze parasite data for trawl and seine
catches across all seasons, Parasitism data were combined over replications
to avoid having émpty cells in the data matrix and to permit beach seine
parasite data to be incorporated with trawl and zooplankton parasite data.
The only fish species/catch categories present in sufficient numbers of this
analysis were white perch and all fish combined, Again, due to the small

numbers of Argulus encountered, only Ergasilus was used in these analyses.
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The vector of variables of interest in this model were the same as
for the summer and spring data, and the variables were transformed in the same
manner as were the spring and summer data. The probability values of tests
using Wilk's lambda are summarized in Table 3-36 for white perch and total fish
combined. Since the winter data were insufficient to support analysis, only

two seasons, summer and spring, were considered.

Table 3-36
Probability Values of Wilk's Lambda Test for All Fish and White Perch

Source DF A1l Fish White Perch
Season 1 <0,01 <(.01
Area 2 0.69 0.03
Season x Area 2 0.01 a.07
Tide 1 0.19 0.87
Area x Tide 2 0.90 0.92
Season x Area x Tide 2 0.18 0.10

Several hypotheses were rejected at the a = 0,05 level of signifi-
cance for all fish combined and for white perch. The seasonal effect was
particularly significant for total fish and white perch. Since only two
seasons were involved, the tests for significance of seasonal contrasts were

unnecessary.

To determine which of the three response variables were affected by
seasonal differences, univariate analyses of variance were computed for all
fish combined and for white perch. Probabilities associated with the respec-

tive F-tests are given in Table 3-37,

Table 3-37
Probabilities of F Tests by Variable for White Perch and All Fish Combined

All Fish White Perch
Proportion  Ergasilus No. Eraasiius Proportion  Ergasilus No. Ergasilus

Source of Variation Infested Density per Fish Infested Density per Fish

Season <0.01 Q.55 <0.01 <0.01 0.55 <(.01

Area 0.51 0.34 0.88 0.30 0.34 0.01

Season x Area : 0.07 0.03 0.01 0.18 0.03 0.23

Tide 0.83 0.49 0.05 0.76 0.49 0.8

Area x Tide Q.40 0.91 0.76 0.54 0.91 0.83

Season x Area x Tide 0.56 0.02 0.384 0.39 0.02 0.45 i
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For the seasonal effect, it is obvious that the proportion infested
and the number of Ergasilus per infested fish were affected by the seasons,
while Ergasilus density was not. The seasonal effects for all fish and white
perch were quite similar, This is ne doubt due to the predominance of white

perch catches in both seasons tested.

From Table 3-37 it is obvious that the significance of the area term
in the white perch data greatly affected the number of Ergasilus per infested
fish. The mean number of Ergasilus per infested fish is given by area in the
following data:

Affected Area

Always Never Sometimes
Number of
Ergasilus per 3.56 3,89 4,43

Infested Fish

These results indicate that overall the number of Ergasilus per infested

fish was smallest in the always—affected area (thermal discharge vicinity)
and largest in the sometimes-~affected area (Saltpeter Creek mouth). However,
Ergasilus densities in the water column were not significantly different by

583asons Or drea.

The season—by-area interaction term was significant for white perch
and total fish catch (although significant at the o = 0,07 level for white
perch), From the univariate analyses of variance, it is obvious that the sig-
nificance of the season-by-area interaction came from the Ergasilus density. A
season-by-area interaction plot for Ergasilus denmsity is given in Figure 3-15,
This plot reveals that Ergasilus densities were roughly constant at the always-
affected area across seasons, However, Ergasilus densities were higher in
spring than in summer for the sometimes—affected area, whereas data for the
never~affected area displayed precisely the opposite result. These results

were identical for white perch and all fish combined.

For all fish combined, the season-by—area interaction was significant
for both the proportion of fish infested and the number of Ergasilus per in-
fested fish. The interaction plots are given in figures 3-16 and 3-17 respec-
tively for the proportion infested and the number of Ergasilus per infested
fish,

<
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Results of these tests show that the decrease from spring to summer
in the proportion of total fish infested was decidely greater in the always~
affected area than the decreases in the other two areas, Also, the increase
from spring to summer in the number of Ergasilus per infested fish in the
always—affected area was decidely less than the incregses in the sometimes-

affected and never-affected test areas (Figure 3-17).

Results of parasite analyses over three seasonal test periods can be

summarized as follows:

Summer 1979 — Spot was the fish species most frequently and heavily
parasitized with Ergasilus spp.; all other target species carried moderate to
light Ergasilus parasite loads. Infestations by Argulus alosae were infrequent

and light, due possibly to this parasite abandoniag its host upon removal from
the water. Environmental conditions in the always-affected and never-affected
test areas did not seem to influence the proportion of white perch and spot

infested, the severity of the infestation, or Ergasilus densities in the water
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! column but did affect the total proportion of fish infested and the number of

Ergasilus per infested fish. Overall, a greater proportion of infested and

N\

| more heavily parasitized fish was collected in the never-affected control area
| in the Gunpowder River off Battery Point than in the vicinity of the C.P, Crane
thermal discharge, This apparent "lessened parasitism effect" observed for

catches in the plant discharge vicinity was attributable to the community

imbalance created by the apparent thermal exclusion of spot (the most heavily

|

1

i parasitized species) from the discharge area.

|

j Winter (January) 1980 — Neither fish catches nor zooplankton water

! column densities were sufficient to support statistical analyses. Of the six
target species examined, white perch was the most often and most heavily para-

i sitized by Ergasilus spp. Severity of infestion was highest in the vicinity of

| the thermal discharge and lowest at Saltpeter Creek mouth; however, the low

! number of fish examined render this finding somewhat tenuous. Yellow perch

were lightly parasitized, displaying single occurrences of infestations .in

the discharge area and off Battery Point. All other target species examined

carried light parasite (Ergasilus spp.) loads.

Spring 1980 — Of the six target species examined during spring 1980,
white perch was the most frequently and most heavily parasitized by Ergasilus
spp. Other target species (pumpkinseed, yellow perch, channel catfish, and
carp) displayed low infestation levels in all test areas, Environmental con-
ditions (e.g. temperature) in the always—affected area and sometimes-affected
area seemed to influence Ergasilus water column densities and the number of
Ergasilus per infested fish but not the proportion of infested fish for white
perch or all fish combined. Numbers of Ergasilus per infested fish in the
never-affected area off Battery Point were significantly smaller than the
severities observed for fish taken in the sometimes- and always—-affected areas,
Ergasilus densities in the sometimes-affected area (Saltpeter Creek mouth) were
significantly higher than demsities in the always— and never-affected test
areas, Therefore, although the proportion of total fish (predominantly white
perch) infested by Ergasilus spp. was not significantly different for any
station. Environmental conditions (e.g., water temperature) in the vicinity of

the thermal discharge and sometimes-affected Saltpeter Creek mouth may have

Ty N N T N e .
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caused increased severity of parasitic infestation in these two test areas,

Infestations by Argulus alosae were infrequent and light,

Seasons Combined — Based on summer and spring data combined for white
perch and total fish catch (dominated by white perch), the number of Ergasilus
spp. per infested fish {severity) was smallest in the always- affected area
(thermal discharge vicinity) and largest in the sometimes-affected area of
Saltpeter Creek mouth, However, Ergasilus water column densities were not
significantly different for any season or test area, For all fish combined,
the decrease from spring to summer in the proportion of total fish infested was
decidedly greater in the always—affected area than the decreases observed in
the other two test areas, Further, the increase from spring to summer in the
number of Ergasilus per infested fish (severity of infestatiom) in the vicinity
of the thermal discharge was decidedly less than the increases observed at
Saltpeter Creek mouth or the area off Battery Point. Both of these latter
effects are attributed to the community imbalance created by the apparent
thermal exclusion of spot {the most heavily parasitized species during the
summer seasen) from the always-affected area (C,P, Crane thermal discharge)

during the summer 1979 sampling period,.

C, TARGET SPECIES

Because of their abundance in the C,P, Crane study area and impor-—
tance to the system's fish community integrity, several species — spot, white
perch, yellow perch, pumpkinseed, channel catfish, and mummichog — were chosen
as target or key indicator species for detailed study of their spatial distri-
bution, length composition, overt parasite/abnormalities load, condition and
length-weight analyses. The following subsections deal with these species'’
spatial distribution, overt parasite/abnormalities load, and length composition

during the 1979-1980 study period,.

1, Spot

The spot (Leiostomus xanthurus) accounted for 74,7 percent (7,288

individuals) and 2.2 percent {54 individuals) of the trawl and seine catch
respectively during the 1979 summer period. Higher catches occurred on

low tide rather than high tide for both gear types (tables 3-1 and 3-2),
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Statistical analyses indicated that significantly (o = 0,05) fewer spot (925
specimens) were collected by trawl at Saltpeter Creek thermal discharge than at
Saltpeter Creek mouth (3,378 specimens) or at Battery Point in the Gunpowder
River (2,985 specimens), suggesting possible thermal exclusion from this area
(see subsection III,A). No significant differences in spatial distribution
were observed for seine catches., The great majority of spot collected by trawl
and seine were in the 70- to 90-mm length range., The mean length of spot
collected by trawl in the discharge area was somewhat smaller (% = 79.9 mm)
than the mean length of specimens taken at Saltpeter Creek mouth (87.3 mm) or
at Battery Point (88.2 mm), Spot were not collected in the C.P. Crame study

area during the winter or spring sampling periods.,

Spot was the most often and most heavily parasitized species, dis-
playing almost 100 percent Ergasilqg infestation occurrence in all three test
areas. Statistical analyses revealed no statistically significant differences
in the frequency or severity of infestation among stations. No obvious evi-
dence of abnormalities or malformations were observed; a single specimen
captured off Battery Point was observed to have an ulceration (sore) in the

vicinity of the anal fin (Table 3-38).

4 total of 1,752 spot taken from summer 1979 trawl samples were
analyzed for length-weight and condition factor (K) differences among thermally
affected and unaffected areas., This large sample size (n = 1,752) resulted in
Levene's test being significant; however, the within-group variances were
virtually identical, Further testing revealed no significant difference among
b (slope) values at the three test areas, but a (y intercept) values were
judged to be different (tables 3-39 and 3-40). Despite differences obsarved
for a values, the finding of no significant differences in the slopes of
regression lines among the three test areas indicates that there were no
significant differences in the overall length-weight relationships for spot

taken by trawl at thermally affected and unaffected areas during the summer

1979 season,

Mean condition (K) of spot collected by trawl in the thermal
discharge vicinity was lower (K = 1.09) than for spot taken at Saltpeter

Creek mouth (K = 1,15) and Battery Point (K = 1.16) (Table 3-41). This
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Table 3-41

Mean Condition Factor, K, for Spot Collected
in the C.P. Crane Study Area, Summer 1979

- === GEAR=12 FT SEMIBALLOON OTTER TRAWL  SPECIESISPOT =m-mmw=======e-eom= S
RANGEMIN RANGEMAX X3_K %3_FREQ Xa_K X4_FREQ X5_K  XS_FREQ
51 60 . . . . 1.20 1.00
61 76 1.17 13.00 1.60 11.00 1.17 17.00
71 89 1.10  250.00 1.17  123.00 1.16 156.00
8l 59 1.07  122.¢0 1.15 334,00 1.15 266.00
o1 100 1.15 11.00 1.16 115,00 1.16 113.00
101 110 1.23 6.00  1.13 26.00 1.1a 78.00
111 120 1.16 2.00 1.16 5.00 1.15 26.00
_ 121 130 . . 1.17 3.00 1.18 5.00
131 140 1.06 1.09 1.1% 5.00 1.2 2.00
l 141 150 . . 1.21 2.00 1.18 1.00
AVERAGE 1.09 79.53 1.15 87.35 1.16 88.19
# MEASURED 405,00  405.00 626.00  626.00 721.00 721.00
|
]
]
|
| e e GEAR=BEACH SEINES  SPECIESZSPOT =ee—ememcmmmmcmemec—memeec e o ———— .
' RANGEMIN RANGEMAX  X3_K X3_FREQ  X4_K  X4_FREQ  X5_K X5_FREQ
61 70 . . . . 1.27 2.00
71 a0 1.17 2.00 . . 1.18 z.00
I 81 50 1.17 6.00 . . 1.05 10.00
91 100 1.17 10.00 1.10 1.00 1.07 6.00
B 101 110 1.14 2.00 1.00 3.00 1.00 3.00
111 120 . . 1.00 1.00 1.18 1.00
121 130 ; . 1.02 1.00 . .
131 140 . . 1.23 2.00 1.13 1.00
AVERAGE 1.17 91.640 1.07  115.25 1.08 $2.16
# MEASURED 20.00 20.00 8.00 8.00 25.00 25.00

station Location Legend
X3=Saltpeter Creek (Thermal Discharge)
X4=Saltpeter Creek (Mouth)
X5=Gunpowder River (Battery Point)
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difference in K as well as a value (y intercept) can be attributed to the some-
what shorter mean length of spot collected in the thermal discharge vicinity

(X = 79,7 mm) versus the mean length of spot taken at Saltpeter Creek mouth (X
= 87.3 mm) or at Battery Point (X = 88.2 mm) (Table 3-42),

For the 53 spot analyzed from seine samples, results were similar to
those observed for trawl catches, i.e. no significant differences in b (slope)
values among areas and slightly significant diferences in a (y intercept)
values {o = 0,10) (tables 3-43 and 3-44). Mean condition factor for seine-
caught spot was highest at thermal discharge station 03, due primarily to the
greater relative proportion of slightly larger fish (91-100 mm) collected at
this station (tables 3-41 and 3-45},

2., White Perch

White perch (Morone americana) contributed 15,3 percent (1,487 speci-

mens) and 8.1 percent (202 individuals) to trawl and seine catches respectively
in the C.P., Crane site area during summer 1979, Overall, more white perch were
collected on high tide than on low tide (tables 3-1 and 3-2), Statistical
analyses revealed no significant differences in the trawl catches at Saltpeter
Creek mouth (64 individuals) and Battery Point (101 individuals) but signif-
icantly (o= 0,05) higher catches (1,322 specimens) at Saltpeter Creek thermal
discharge, suggesting thermal attraction to this area (see subsection 3.A).
White perch seine catches were significantly (o = 0,05) larger at Battery Point
(111 specimens) than at Saltpeter Creek mouth (21 specimens) or Saltpeter Creek
discharge (70 specimens). However, the magnitude of these differences based on
such small catches does not seem to indicate a true avoidance/preference condi-

tion as seen for trawls.

Only 18 white perch were collected by trawl during the winter season,
contributing 5.9 percent to the total catch, Twice as maﬁy individuals were
collected on low tide as on high tide, but the low numbers encountered render
this finding of little importance. No white perch were collected in seine in

the C.P. Crane study area during winter.
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Table 3-42

Length Frequency Distribution (Extrapolated to Total Catch) of Target
Fish Species Collected by Trawl at Three Experimental Stations in
the Vicinity of C.P. Crane Generating Station, July-August 1979

----------- me—+ SPECIES=WHITE PERCH ====cwsmome—mne= mmmmmcnmmemene SPECIESSYELLON PERCH ===e==mee-emam—
RANGEMIN RANGEMAX X3 X4 X5 RANGEMIN RANGEMAX X3 X4 X5
0 10 2.0 . . 50 60 1.0 . .
20 30 5.0 5.0 11.0 60 70 1.0 . 1.0
30 40 27.0 9.0 9.0 120 130 1.0 1.0 .
| 40 50 29.0 37.0 7.0 130 140 . 1.0 .
‘ 50 60 9.0 3.0 . 140 150 1.0 . .
| 60 70 7.8 2.0 . 8 MEASURED 4.0 2.0 1.0
80 90 56.0 . . MEAN LENGTH 98.5  128.0  68.0
‘ 90 100 405.0 . 6.0 SE 21.5 3.0 .
100 110 351.0 3.0 z2.0 TOTAL CATCH 4.0 2.0 1.0
‘ 110 120 151.0 2.0 9.0
120 130 43,0 . 5.0
‘ 130 140 47.0 . 5.8
| 10 % 3.0 10 b S e SPECTESSCHANNEL CAT —-=-ommmmmmmmoan
! 160 170 49.0 1.0 9.0
‘ 170 180 2.0 10 200 RANGEMIN RANGEMAX X3 Xa X5
180 150 22,0 . 2.0
190 200 9.0 . 1.0 b4 ‘s'g . 20 3.0
200 210 5.0 . . o 0 - 30 :
‘ 260 27¢ 2.0 . . 70 20 20 . :
| # MEASURED 735.0 64.0 82.0 b 0 >0 - .
‘ MEAN LENGTH 109.3  54.6  105.0 o0 100 - - .
. 2.0 .
SE 1.1 1.9 5.4 - 150 20
- TOTAL CATCH 1322.0 64.0 101.9 160 170 20 : 108
170 180 4.0 . 10.0
} 180 150 . 5.0 5.0
; ‘ 260 27¢ . . 3.0
} SHECIES=SPOT ~—cesm————mo——rmmme== # MEASURED 6.0 7.0 12.0
| MEAN LENGTH 135.0 116.4  169.8
o RAMGEMIN RANGEMAX X3 X4 X5 SE 18.3 24.3 14.5
; TOTAL GATCH 12.0 12.0 31.0
i 40 50 2.0 . .
‘ 50 60 . . 4.0
o 60 70 30.0 59.0 70.0
‘ 70 86 570.0 668.0 786.0 . S— PUIMER TREEED o oeoeoeoeoeoemem
I \ 80 90 278.0 1a10.0 1182.0 SPECIES=FUMPKINSEED
; 90 100 25.0 626.0 467.0
‘ 100 e e Tao 0 a7 o RANGEMIN RANGEMAX X3 X4 X5
|
| 110 120 5.0 27.0 116.0 i . .
| 120 130 . 16.0 21.0 13; 1’;2 1.° : 1.0
] 130 140 2.0 27.0 a.o0
125 130 1.0 .
~ 140 150 . 11.0 4.0 % MEASURED 2.0 1.0
} 4 MEASURED 406.0 627.0 722.0 HEAN LENGTH 83.¢ X 110.0
| MEAN LENGTH 79.9 87.3 88.2 <E 43.0
SE 0.4 6.4 0.6 ATCH : . :
I i TOTAL CATCH 925.0 3378.0  2985.0 . TOTAL cATC 2.0 0.0 1.0
| STATION LOCATION LEGEND
X3 = SALTPETER CREEK (THERMAL DISCHARGE)
X8 = SALTPETER CREEK (MOUTH)
X5 = GUNPOWDER RIVER (BATTERY POINT)
|
|
]
!
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